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FOREWORD

SWOE Report 94-12, August 1994, was prepared by S. Rivera, Jr. of U.S.
Army Engineer Waterways Experiment Station, Vicksburg, Mississippi.

This report is a contribution to the Smart Weapons Operability Enhancement
(SWOE) Program. SWOE is a coordinated, Army, Navy, Marine Corps and Air
Force program initiated to enhance performance of future smart weapon systems.

Performance of smart weapons can vary widely, depending on the
environment in which the systems operate. Temporal and spatial dynamics can
significantly impact weapon performance. Testing of developmental weapon
systems has been limited to a few selected combinations of targets and
environmental conditions, primarily because of the high costs of full-scale field tests
and limited access to the areas or events for which performance data are required.

Performance predictions are needed for a broad range of possible battlefield
environmental conditions and targets. Meeting this need takes advantage of
significant DoD investments by Army, Navy, Marine Corps, Air Force and ARPA in
1) basic and applied environmental research, data collection, analysis, modeling
and rendering capabilities, 2) extensive target measurement capabilities and
geometry models, and 3) currently available computational capabilities.

SWOE is developing, validating, and demonstrating the capability to handle
complex target and background environment interactions for a broad range of
battlefield conditions. SWOE is providing the DoD smart weapons and autonomous
target recognition (ATR) communities with measurements, information bases,
modeling and scene rendering techniques for complex environments. These are
products of a DoD-wide partnership that works in concert with both advanced
weapon system developers and major weapon system test and evaluation
programs.

The SWOE program started in FY89 under Balanced Technology Initiative
(BTI) sponsorship. Present sponsorship is by the U.S. Army Corps of Engineers
(lead service), the individual services, and the Joint Test and Evaluation (JT&E)
program of the Office of the Director of Test & Evaluation, Office of the Under
Secretary of Defense OUSD(A/DT&E).

The Joint Test Director is Dr. J.P. Welsh. The Deputy Test Directors are:
COL Jerre Wilson (U.S. Army) and Maj Richard Jennings (U.S. Air Force). The
Modeling Configuration Manager is Dr. George G. Koenig.
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Preface

The analysis activities reported herein were conducted by the U.S. Army
Engineer Waterways Experiment Station (WES) in support of the Smart Weap-
ons Operability Enhancement (SWOE) Joint Test and Evaluation (JT&E)
Yuma I exercise conducted at Yuma, Arizona, from 15 March to
30 AprI 1993. This effort was funded by the Secretary of Defense SWOE
JT&E Program Office, Hanover, NH. Dr. J. Pat Welsh was the Joint Test
Director, and LTC Jerre W. Wilson was the Army Deputy Director.

WES has prepared three related reports in support of the Yuma 1 exercise
for the SWOE/JT&E Program. These are as follows:

a. "Yuma 1 Information Base for Generation of Synthetic Thermal Scenes"

b. "Yuma I Site Characterization and Data Summary"

c. "Analysis of Thermal Imagery Collected at Yuma 1, Yuma, Arizona"

This study was conducted under the general supervision of Dr. John Harr-
son, Director, Environmental Laboratory (EL, WES; Dr. Robert M. Engler,
Chief, Natural Resources Division (NRD), EL; Mr. Harold W. West, Chief,
Environmental Characterization Branch (ECB); NRD; and under the direct
supervision of Mr. Charles D. Hahn, WES project coordinator.

Mr. Salvador Rivera, Jr., ECB, prepared this report. Field measurement
support was provided by Messrs. Hahn, Thomas E. Berry, Marvin J. Wooley,
Clarence Currie, Jerrell Ballard of ECB, EL, and Messrs. David Leese and
Paul Dew of Instrumentation Service Division, WES.

At the time of publication of this report, Director of WES was
Dr. Robert W. Whalin. Commander was COL Bruce K. Howard, EN.

The contents of this report a,# not to be wued for adyenrting, publication,
or promot onal purposes. Ciation of trade names does not constitite an
official edorsement or approval of the use of such commercial products.
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Conversion Factors, Non-SI to
SI Units of Measurement

Non-SI units of measurement used in this report can be converted to SI units
Vs foWows:

Multiply [By ]To Obtain

degrees (angle) 0.01745329 radians

feet 0.3048 meters

inches 2.54 centimeters

Vi



1 Introduction

The Smart Weapons Operability Enhancement (SWOE) Joint Test and
Evaluation (JT&E) Program is a Department of Defense coordinated multiser-
vice effort to address problems related to smart weapon system development,
test, and evaluation (DT&E) in the worldwide range of battlefield environment
conditions. The thrust of the Yuma 1 field exercise was to collect environ-
mental data necessary to generate various synthetic thermal scenes and to
collect thermal infrared image data for use in the validation of the SWOE
thermal scene generation procedure.

Background

Future smart weapons systems will be forced to become more autonomous
because of the ever-shrinking manpower available on the modem battlefield.
The typical approach to developing smart weapons has been the test-fix-test
methodology for the test and evalua.ion phases of development. Tests or tech-
nology demonstrations are scheduled, and the proposed system is thoroughly
tested under various environmental conditions. The results, however, may not
be similar if the environmental conditions are changed. Also, the cost of this
type of testing is extremely high. The primary thrust of the SWOE JT&E
program is to produce a validated procedure for generation of synthetic thermal
and millimeter wave images that accurately "model" the environmental condi-
tions and can then be processed through the sensor and sensor logic to produce
results representative of those from a weapon system captive flight demonstra-
tion, all at a much lower cost. An added benefit of this analytical procedure
allows evolution of environmental effects so that the sensor logic may be eval-
uated over a variety of background and weather conditions quickly and
efficiently.

Objectives

The objectives of this report are as follows:

a. To conduct an analysis of thermal data, collected by the U.S. Army
Engineer Waterways Experiment Station (WES) during the Yuma I
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field program exercise 15 March to 30 April 1993, to understand varia-
tions in terrain features' infrared (IR) signatures using image metrics
and to present the data in a format that could be used for synthetic
image validation tasks.

b. To present in graphical format the meteorological and terrain data at the
time the IR imagery data were collected.

Scope

The intent of this report is to describe procedures and analysis of WES
infrared imagery. The data and results are presented in a format useful for
synthetic image validation tasks. The WES image data are to be stored in the
SWOE program database and made available to the DT&E community.

2 Chapter 1 Introduction



2 Image Data Collection
Procedures

Site Description

The SWOE Yuma 1 imagery collection was divided into two primary data
collection areas on either side of a large ridge where the ground-based imaging
equipment was located. A map of the test area is shown in Figure 1. The
western ground imaging area was imaged using the tower-based Eglin Air
Forcx Base (AF) Thermal haiging Processing System (20-deg field of view
(FOV))' IR equipment and was located between SWOE Sites E and F (also
known as the western area). The terrain in this western area consisted of sev-
eral small secondary washes in between two ridges. There was very little
vegetation in this area exceot along the washes. The eastern imaging area (see
Figure 1) was imaged using tower-based (20-deg FOV) infrared cameras from
the U.S. Army Research Laboratory (ARL) Battlefield Environment Directorate
(BED) and from the U.S. Army Engineer Cold Regions Research and Engi-
neering Laboratory (CRREL). The ARL Sensor Signature Signal and Informa-
tion (S31) Directorate also used an active 95 GH3 millimeter wave radar system
for imaging the eastern area. The eastern area was located in the vicinity of
SWOE Sites B, C, and D, and the terrain consisted of a primary wash and a
smaller secondary wash. The eastern area was more vegetated than the
western area, with dense vegetation occurring along the washes and scattered
shrubs and grasses in the flat terrain between the two washes. More detailed
site characterization information is presented in another publication.

1 A table of factors for converting non-SI units of measurement to SI units is presented on
page vi.
2 Hahn, C. D. (1994). "Yuma 1 site characterization and data summary," Technical Report

prepared by the U.S. Army Engineer Waterways Experiment Station, Vicksburg, MS, for the
Smart Weapons Operability Enhancement Joint Test and Evaluation Program Office,
Hanover, NW.
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Description and Summary of Image Data
Collected

During the Yuma I field program exercise (15 March - 30 April 1993),
WES also collected IR (2- to 5.6-in'and 8- to 12-jim wave bands) data on
106 of the planned array of 188 1-hr missions. Additionally, WES collected
data during three diurnal periods. WES used an Agema 900 Thermovision
system to collect high-resolution imagery of several desert terrain features in a
narrow FOV (2.5-deg FOV). The 900 system consisted of a far-infrared
(LWB) and a midinfrared (SWB) thermal imager connected to a specialized
computer. Table 1 shows the specifications for the WES IR equipment. The
cameras were mounted on a computer-controlled mount that allowed for
360 deg of azimuth rotation and approximately 70 deg of elevation change.
Attached to the boom of a WES boom truck, this mount was programmed to
allow automatic aiming and imaging of specific terrain features, either within
the western area or eastern area. Appendix A provides detailed explanation of
the image data collection procedure.

SWOE image data were collected with ground-based IR systems, one air-
borne IR system and one ground-based active millimeter wave band system by
the following agencies: WES, CRREL/ARL-BED, Eglin AFB, and ARL-S3I.
During Yuma 1, WES collected high-resolution imagery on 13 designated
terrain features (see next section for terrain features description). Terrain fea-
ture imagery was collected for 106 of the 188 planned 1-hr missions. In addi-
tion to the 1-hr missions, WES also collected terrain feature imagery on three
24-hr diurnals. The three diurnals were executed on 24 March, 8 April, and
26 April.

During missions, a typical 1-hr data collection period involved aiming at
five predetermined imaging locations within either the western area or eastern
area and collecting 10 IR images (5-LWB and 5-SWB) of terrain feature data
(one frame per image). The terrain features imaged witdin both areas are
described in the Terrain Features section. For each typical 1-hr mission, 12
measurement times (also known as schedule minutes) were randomly selected
and used as the IR data collection schedule. Features' IR imagery was col-
lected on the western area at odd scheduled minutes (1st, 3rd, ... and 11 th) and
on the eastern area at even scheduled minutes (2nd, 4th, ... and 12th). As a
consequent, each of these 10 imaging locations were imaged six times during
the 1-hr mission. Table 2 shows the schedule followed for all 172 one-hour
SWOE missions; Table 3 shows the 12 scheduled minutes for each of the 188
one-hour missions. The numbers shown in Table 3 (columns 4-15) repres nt
the number of minutes that elapsed after the start of the mission hour
(column 2) before a set of images was collected. For example, for mission
number I (column 1), the western area images (LWB and SWB each) were
collected in the 4th minute of hour number 0. The eastern area images were
collected in the 5th minute of hour number 0.
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One scheduled minute from the twelve was randomly selected, and the IR
imagery collected at that measurement time was rcferred as the critical image
set (see Table 3, column 3); this report refers to the IR imager collected by
WES during the nearest measurement time to the critical image set as the
nearest critical image set. IR imageiy collected within the critical image set
and the nearest critical image set are the only data used in the discussion of
Analysis of Terrain Features During Scheduled SWOE Missions section.

WES collected 3 days of diurnal data equivalent to 72 periods of 1-hr data
collection events. For the three diurnals, each hour of data collection followed
the same procedure as the 1-hr missions with the exception that no critical
image set was used.

For the first diurnal (24 March), image data were collected for every other
hour beginning at 0000 hr and ending at 2200 hr. The imaging smpling
schedule at 0000 hr was the same as that for mission number 25 see Table 3
for mission sampling schedule). At 0200 hr, the sampling schedule was the
same as for mission number 27, and at 2200 hr, the sampling schedule for mis-
sion number 47 was used.

On the second and third diurnals (8 April and 26 April), contrary to the
first diurnal, image data were collected for every single hour beginning at
0000 hr and ending at 2300 hr. The imaging sampling schedule for the second
diurnal at ,00 hr was the same as that for mission number 73 (see Table 3
for mission .ampling schedule). At 0100 hr, the sampling schedule was the
same as that for mission numt-er 74, and at 2300 hr, the sampling schedule for
mission number 96 was used. The third diurnal used the same imaging
sequence as that for the second diurnal, but was based on the sampling sched-
ule of the missions 121 to 144.

In summary, counting diurnals and missions, WES collected a total of
19,500 IR images during the Yuma I exercise. Figure 2 provides a summary
of IR imagery collected.

Terrain Features

Some of the 10 predetermined imaging locations contained more that one
terrain feature. Therefore, a total of 13 terrain features were imaged: 6 terrain
features from the western area and 7 from the eastern area. The six terrain
features imaged within the western area included a sloping desert pavement, a
flat desert pavement, a flat grassy area, a creosote bush, a catclaw tree, and a
paloverde tree. Figure 3 contains color photographs and IR images (LWB) of
the six terrain features located in the western area. The features are enclosed
by a polygon in both the color photograph and the IR image; for the IR image,
the nmnber of pixels defining the terrain feature inside the polygon is also
given.
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The seven terrain features imaged within the eastern area were a Texas
sage, a creosote bush, a paloverde tree, a flat mix bare soil/grass area, a desert
sage, a dead paloverde tree, and a flat bare soil area. Figure 4 contains color
photographs and IR images (LWB) of the seven terrain features located in the
eastern area. The IR images were obtained using a 2.50- by 1.25-deg FOV
lens. The location of the WES sensors was universal transverse Mercator
(UTM) coordinates 756216 east and 3650812 north. UTM coordinates and
relative angles (from sensor to imaging location) of the 10 predetermined
imaging locations are included in Table 4.

6 Chapter 2 Image Data Collection Prooedures



3 Meteorological and Terrain
Data Collected

IR data were collected under a variety of meteorological conditions that
affect the IR signatures (thermal properties) of the terrain features within both
the western and eastern area (Figums 3 and 4). The purpose of this chapter is
to summarize the meteorological conditions that occurred during Yuma I exer-
cise (15 March - 30 April 1993). Meteorological data collected and provided
by ARL/BED include air temperature (°C), solar radiation (watts/square meter),
relative humidity (percent), barometric pressure (millibars), wind speed
(meters/second), wind direction (degrees), visibility (kilometers), and rain
precipitation (millimeter/hour). Meteorological stations were located at
Sites A, B, C, D, E, and F (see Figure 1); data were collected every minute
throughout the 47-day period. The meteorological data presented in this chap-
ter are the combination of the meteorological stations inside the eastern area
(Sites B, C, and D) that averaged over an hour (see Appendix B for listing).

Measured meteorological conditions throughout the test period are shown in
Figure 5. Of the 47 days of data collection, 43 days exhibited sunny condi-
tions, 3 days exhibited partly cloudy conditions, and only I day exhibited
cloudy conditions. Figure 5a shows that the partly cloudy days occurred on
20MAR, 05APR, and 12APR; the only cloudy day occurred on 26MAR. With
the exception of 26MAR, the air temperature (Figure 5a) always exhibited high
temperature at noon and low temperatures in both the early morning and late
evening. The air temperature on 26MAR (mean 10 °C) showed a steady
decrease, which actually started from noon of the previous day until the morn-
ing of the next day (27MAR). High air temperature values fluctuated between
25 and 35 OC for most days.

The barometric pressure (Figure 5b) showed very little fluctuation (970 to
990 mb) throughout the measurement period. Relative humidity (Figure 5b)
was very low, particularly during the last 23 days of the data collection exer-
cise (average was 10 percent). Relative humidity exhibited highest values
between 26MAR and 30MAR with peak values of approximately 80 percent.

The wind speed (Figure 5c) fluctuated between 0 and 8 m/sec with the
highest wind speed occurring on 19APR. Wind speed varied considerably
from day to day exhibiting high speeds (4 m/sec or more) on a given day and
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slow speeds (4 m/sec or less) on the next day. The wind direction (Figure 5c)
most of the time blew in a northerly direction (00 = north and 900 = east).

Good visibility (Figure 5d) occurred most of the time, especially during the
first 30 days of the Yuma I test. However, 3 days had low visibility:
26MAR, 03APR, and 15APR. The only day with rain precipitation (Fig-
ure 5d) was 26MAR with approximately 1.0 mm accumulated rainfall.

WES collected daily soil samples at each of the meteorological sampling
sites (Sites A, B, C, D, E, and F), and measured the soil moisture using a
Troxler 4640 Thin Layer Density Gauge, a Soiltest Speedy Moisture Gauge,
and an oven dry method. Surface vegetation was removed from the site and
the surface leveled for positioning of the Troxler. A reading was taken (using
the Troxler), and two small tins were filled with soil trom the site. When all
the samples had been collected, one sample from each site was weighed using
a triple beam. Samples were dried in the oven for 24 hr, reweighed, then
returned to the oven to dry for an additional 24 hr. If the weight of the tin
remained constant over the second 24 hr, then the moisture was calculated
using a wet weight basis. If the sample weight had changed during the second
24-hr period, the sample was left in the oven an additional 24 hr. The second
sample of soil collected at each site was used to determine the moisture using
the Speedy Moisture Gauge. The four primary surface soil types within the
test area were desert pavement (characterized by a layer of burnt black rock
and gravel with a fine silty clay sand), pavement wash (characterized by some
natural-colored gravel in lower areas of the desert pavement), secondary
washes (characterized by gravel/soil mix with some vegetation cover), and
developed washes (where very little soil existed in the surface layers down to
3 to 4 in.). More information about soil composition, soil moisture data, and
instrumentation is presented in another publication.'

Soil moisture data for the six SWOE sites are summarized in Table 5;
information included the maximum, minimum, and average soil moisture for
each of the sites. Overall, soil moisture was very low (<10 percent) except for
immediately following the one rain event that occurred on 27 March. Addi-
tional moisture samples were collected on that day. This set of moisture sam-
ples peaked at or about 10 percent for readings taken using the Speedy and the
oven method at most sites. The Troxier reading peaked slightly lower, but this
is due to the Troxler's sampling a very small volume of soil near the soil
surface. Appendix C contains a series of figures depicting graphically the
moisture data collected at each of the six sites during the 47 days of data col-
lection. These data are shown in the vertical line on sample day 12 in those
figures.

Hahn, C. D. (1994). "Yuma 1 site characterization and data surnmary," Technical Report
prepared by the U.S. Army Engineer Waterways Experiment Station. Vicksburg, MS, for the
Smart Weapons Operability Enhancement Joint Test and Evaluation Program Office,
Hanover, NH.
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4 Analysis of IR-Measured
Data and Meteorological
Data

IR Imagery Processing Procedure

The flowchart in Figure 6 describes the procedure used to process all of the
WES imagery collected during the Yuma I exercise (diurnals and mission
images). The four general steps of the procedure are presented in the follow-
ing paragraphs.

First, 10 IR images containing the terrain features were individually dis-
played on a computer screen; for each of the 13 terrain features (6 from the
\,.estem area and 7 from the eastern area), a polygon enclosing the terrain fea-
ture was digitized (Figures 3 and 4). The coordinates of these 13 feature-
polygons, also known as general feature-polygons, were stored to be used in
the second step.

Second, each terrain feature image to be processed was displayed on a
computer screen with the corresponding general feature-polygon(s) super-
imposed; three terrain feature images contained more than one terrain feature.
At this point, if necessary, the user could shift the polygon(s) around (with
arrow keys/mouse) to make sure it enclosed the terrain feature. Then, polygon
coordinates of each terrain feature were stored in a separate file. This second
step was performed for every terrain feature image to be processed so that at
the end, each terrain feature would have its own polygon coordinate file.

Third, image metrics were computed on all of the terrain feature images to
be processed by using all the pixels within the polygon enclosing the terrain
features. Image metric results were stored in a database for interpretation and
analysis.

Fourth, terrain feature IR imagery analysis was performed by plotting and
interpreting image metric results from the previous step.
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Image Metrics Computation

Image metric parameters were used to analyze and compare terrain features
IR signatures (thermal properties). Temperature histograms (0.1 OC bin size)
of terrain features were generated, and image metric parameters were computed
to describe their distributions. Image data from the first diurnal (24MAR93)
were used to show the temperature distribution of terrain features in both west-
ern and eastern imaging areas. Figures 3 and 4 contain color photographs and
IR images (LWB) of the terrain features located in both imaging areas. The
terrain features are enclosed by a polygon in both the color photograph and the
IR image; for the IR image, the number of pixels defining the feature inside
the polygon was also given. Each digital pixel value inside the polygon was
converted into temperature (0C), and a temperature distribution histogram was
constructed. Appendix D shows temperature histogram plots of the terrain
features around the clock (0000, 0600, 1200, and 1600 hr) in both wave bands
(LWB and SWB).

The total number of temperature data points (pixels) varied from terrain
feature to terrain feature depending on the size. The sloping desert pavement
within the western area was the feature with the largest number of temperature
data points (33,401 data points), while the dead paloverde tree within the east-
ern area contained the fewest with 698 data points. Three important pieces of
information can be determined from these histograms: the shape of the tem-
perature distribution, the number of data points, and the variation in tempera-
ture of these terrain features throughout the day.

The image metric parameters used in this report are valid for any distribu-
tion; their validity does not depend on normality of the underlying temperature
distribution. Inspection of temperature histogram charts suggests that the dis-
tributions are far from normal during much of the day. In addition, the skew-
ness parameter discussed later in the analysis of diurnals and missions shows
that large values, both positive and negative, imply that the distributions are far
from normal.

Image metrics were used to dcscribe the distribution of specific terrain
features within a digital image. Eleven different scene metrics were computed;
all characterize the data-space distribution of temperature (°C). These 11
measures were computed from the terrain feature temperature distribution
histograms: the minimum value (MIN), the 5-percentile value (PERC_05), the
median value (MEDIAN), the mode (MODE), the 95-percentile value
(PERC_95), the maximum value (MAX), and the difference between the 95-
and 5-percentile (RNG_90). The first, second, and third moments of the distri-
bution of temperature values within the designated region (mean, standard
deviation, and skewness) are also computed.

T metrics mean, median, and mode were used to measure the central
tendency of feature temperature distributions. The metrics standard deviation
and RNG_90 were computed to measure the thermal variability of these terrain
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features throughout the day. The metric standard deviation describes the
spread of the data points from the mean value of the population, while the
RNG_90 implies that 90 percent of the population around the center have a
range of so many degrees. Finally, the metric skewness is the degree of asym-
metry, or departure from symmetry, of a terrain feature temperature distribu-
tion. A positive value means that the distribution has a longer tail to the right
of the central maximum or that the distribution is skewed toward warmer tem-
peratures than the central maximum temperature. A negative number means
that the distribution has a longer tail to the left of the central maximum or that
the distribution is skewed toward cooler temperatures than the central maxi-
mum temperature. A value of zero means that the distribution is symmetrical
on both sides of the central maximum temperature.

Methodology In the Analysis of Terrain Features'
IR Imagery Collected During Diurnals

The purpose of diurnal IR imagery analysis was to study the IR signatures
(thermal properties) of the terrain features, located within both the western and
eastern area, as a function of time throughout a 24-hr day period. Image met-
rics parameters were used to study the terrain features' IR signatures; also,
image metrics results were graphically depicted such that direct comparison
among 13 terrain features could be possible.

Because of the large amount of IR imagery available, it was decided to
analyze each diurnal individually. The format in which the results fiom each
of the three diurnals were presented is the same. Initially, the meteorological
conditions during the image data collection were graphically depicted. Then
the subset of terrain featuie IR imagery selected for processing was described.
Finally, image metrics results were presented as graphical plots and interpreted.

Image metric results were divided among the following four data groups:
LWB data from the western area, SWB data from the western area, LWB data
from the eastern area, and SWB data from the eastern area. For the terrain
features' temperature distributions, each group of data contained three plots
showing the central tendency (mode, median, and mean), the thermal variabil-
ity (standard deviation and RNG_90), and the distribution shape (skewness)
throughout a 24-hr day. For all cases, the mode, median, and mean were the
same value, indicating a single mode central tendency of the data.

Analysis of Terrain Feature Signatures for
Diurnal 1

Figure 7 shows plots of the meteorological conditions during 24MAR93
when diurnal 1 was executed. Some of the meteorological conditions high-
lighted are as follows:
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a. Partly cloudy between noon and 1700 hr, maximum solar radiation

value was 900 W/n 2.

b. Fairly constm air temperature; mean value was 23 °C.

c. Fairly consita barometric pressure; mean value was 985 mb.

d. Relative humidty varied between 50 a.d 30 percent, decreasing some-
what between noon and 1700 hr.

e. Wind speed varied between 0 and 5 m/sec, with maximum values dur-
ing the daytime hours.

f. Good and fairly constant visibility (46 km).

g. No rain precipitation.

Image metrics were computed on a subset of the total IR imagery collected
(see Description and Summary of Image Data Collected section); for diurnal 1,
image metrics were computed on 480 IR images of terrain features. The com-
putation was as fWlows: image metrics were computed on terrain features'
imagery collected at the sampling periods number 1, 2, 11, and 12 of each
imaging hour. Ten IR images (five LWB, five SWB), one frame per image,
were collected at each of the four sampling periods. Consequently, 40 IR
images were processed per hour, diurnal 1 contained 12 hr of image data.
Therefore, a total of 480 JR images were processed for diurnal 1. Meteorolog-
ical data at the time the imagery was collected (to the near minute) and image
metric results are listed m Appendix E for diurnal 1.

Figure 8 depicts the LWB thermal signatures of the six terrain features
within the western area. Figure 8a shows that both sloping and flat desert
pavement exhibited warmer mean temperatures (max = 43 °C, min = 7 °Q
than both the flat grassy area and tree features (max =35 C, min= 10 °C)
during daytime hours and slightly cooler mean temperatures during nighttime
hours. Both sloping and flat desert pavement features exhibited a very similar
mean temperature profile throughout the day, while the trees also exhibited a
similar mean temperature profile.

All terrain features (Figure 8b) exhibited very small thermal variability
(standard deviation (STDEV) less than I °C, and RNG_90 less than 3 0C).
Terrain features' thermal variability remained steady during nighttime hours
and increased slowly throughout daytime hours, reaching the maximum value
around 1300 hr. The paloverde tree exhibited slightly higher thermal variabil-
ity than the other terrain features. The terrain features' mean temperature and
thermal variability were affected by the meteorological conditions given that
&.e afternoon was partly cloudy and the air temperature increased slightly
tuoughout the 24-hr day.
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The tree and bush features' temperature distributions (Figuie 8c) were
skewed toward warmer temperatures during daytime hours and slightly skewed
toward cooler temperatures during nighttime hours. This skewness behavior
was due mainly to the composition of two materials (tree or bush and soil in
the background) with different IR signatures. The bush and tree features were
skewed toward warmer temperatures during daytime hours because the soil in
the background was warmer than them at that time of the day and slightly
skewed toward cooler temperatures during nighttime hours because the soil
was a little cooler than them during nighttime hours. The sloping desert pave-
ment feature distribution was noticeably skewed toward cooler temperatures
during daytime hours, but not significantly skewed during nighttime hours.
The flat desert pavement and grassy area exhibited very small skewness values
(almost zero) throughout the 24-hr day; this means that their temperature dis-
tributions during diurnal I were very symmetrical about the mode temperature.

Figure 9 shows the SWB thermal signatures of the six terrain features
within the western area. Compared with LWB data, terrain features in the
SWB exhibited similar thermal signatures profiles throughout the 24-hr-day
period. The SWB data exhibited more thermal variability (STDEV less than
2 °C and RNG_90 less than 6 °C) during daytime hours; also, terrain features'
temperature distributions, especially the tree and bush features, were more
skewed toward warmer temperatures during daytime hours.

Cloudy skies during the afternoon hours somewhat affected the IR signa-
tures of the features within the eastern area, especially in the LWB data. Fig-
ure 10 shows the LWB thermal signatures of the seven terrain features within
the eastern area. The flat bare soil and mix bare soil/grassy area in Figure 10a
(max = 40 °C, min = 8 I() exhibited warmer mean temperatures than the tree
and bush features (max = 35 °C, min = 8 °C) during daytime hours and simi-
lar mean temperatures during nighttime hours. The fiat mix bare soil/grassy
area followed by the bare soil area (Figure 10b) also exhibited more thermal
variability (MAXSTDEV = 2 'C, MAXRNG90 = 6 C) than the tree and
bush features. The tree and bush features exhibited very little thermal variabil-
ity throughout the day. The dead paloverde tree showed some thermal vakri-
abiiity because it was somewhat difficult to accurately enclose the dead tree
with the polygon, therefore, some background pixels were also measured.

The fiat soil features exhibited very small skewness values throughout the
day, meaning that their temperature distributions were fairly symmetrical about
the mode temperature of the distribution. Temperature distributions of both
the creosote bush and the paloverde tree were a little skewed toward warmer
temperatures during daytime hours. The other terrain features did not show
noticeable skewness.

Figure 11 depicts the SWB thermal signatures of the seven terrain features
within the eastern area. Terrain features exhibited similar thermal signatures as
in the LWB with the exception of more thermal variability in the flat bare soil,
flat mix grassy/bare soil area, and creosote bush. In the SWB data,
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temperature distributions of both the creosote bush and the paloverde tree were
more skewed toward warmer temper-tures during daytime hours.

Analysis of Terrain Feature Signatures for
Diurnal 2

Figure 12 depets the meteorological conditions during 08APR93 when
diurnal 2 was executed. Some of the meteorological conditions highlighted arc
as follows:

a. Sunny all day; maximum solar radiation value was 900 W/m 2.

b. Fairly constant air temperature; mean value was 23 OC.

c. Fairly constant barometric pressure; mean value was 987 rob.

d. Fairly constant relative humidity; mean value was 15 percent.

e. Wind speed varied between 1 and 4 in/sec.

f. Good visibility of 50 kin, decreasing to 30 km between 0900 and
1100 hr.

g. No rain precipitation.

For diurnal 2, image metrics were computed on 960 IR images of terrain
features. The computation was the same as for diurnal 1, with the exception
that diurnal 2 contained 24 hr of IR data instead of 12 hr. Meteorological data
at the time the imagery was collected (to the near minute) and image metric
results are listed in Appendix F for diurnal 2.

Contrary to diurnal 1, diurnal 2 was executed under sunny-day conditions
and higher air temperature values. As result, terrain features exhibited similar
IR signature profiles throughout the 24-hr-day period, but the mean tempera-
ture, thermal variability, and skewness values were higher.

Figure 13 reflects the LWB thermal signatures of the terrain features within
the western area. Figure 13a shows that both sloping and flat desert pavement
features exhibited warmer mean temperatures (max = 50 0 C, min 0 00 than
the flat grassy area and tree and bush features (max = 40 OC, min = 10 °C)
during daytime hours and slightly cooler mean temperatures during nighttime
hours. Figure 13b shows that the sloping desert pavement feature exhibited
higher thermal variability (STDEV between 0 and 3 C, and RNG_90 between
I and 8 C) than the rest of the terrain features; the other terrain features
exhibited similar thermal variability (STDEV between 0 and 1.5 OC, and
RNG_90 between I and 4 0C).
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During daytime hours, the sloping desert pavement temperature distribution
was noticeably skewed toward cooler temperatures (Figure 13c), while both the
paloverde tree and catc!aw tree temperature distributions were skewed toward
warmer temperatures (see analysis of diurnal I for explanation). During night.
time hours, the process was reversed, but the skewness was less noticeable.
The fiat sot features were not noticeably skewed throughout the day.

Figure 14 depicts the SWB thcrmal signatures of the terrain features within
the western area. Compared with the LWB data, terrain feature signatures in
the SWB exhibited similar mean temperawres during daytime hours and
warmer temperatures during nighttime hours. In general, SWB data also
exhibited more thermal variability and similar skewness values during daytime
hours, especially for the sloping desert pavement and tree features.

Figure 15 presents the LWB thermal signatures of the terrain features
within the eastern area. The flat bare soil and flat mix bare soil/grassy area
exhibited warmer mean temperatures (max = 45 0C, min = 3 °C) than the trees
during daytime hours and cooler mean temperatures (max = 35 °C,
min = 5 °C) during nighttime hours. The flat bare soil area, flat mix bare
soil/grassy area, and creosote bush exhibited similar thermal variability, while
the other trees exhibited very little thermal variability. The tree and bush
features distributions were noticeably skewed toward warmer temperatures
during daytime hours, while flat soil features exhibited very little skewness.
During nighttime hours, the tree and bush features distributions were slightly
skewed toward cooler temperatures.

Figure 16 shows the SWB thermal signatures of the terrain features within
the eastern area. Compared with LWB data, SWB terrain features exhibited
similar mean temperatures during daytime hours and warmer mean tempera-
tures during nighttime hours. The SWB terrain features also exhibited notice-
ably more thermal variability during daytime hours and similar skewness
values.

Analysis of Terrain Feature Signatures for
Diurnal 3

Figure 17 are plots of the meteorological data during 26APR93 when diur-
nal 3 was executed. Some of the meteorological conditions highlighted are as
follows:

a. Sunny all day; maximum solar radiation value was 1,040 W/m2.

b. Air temperature varied considerably throughout the day from 20 C (at
0600 hr) to 30 °C (at 1800 hr).

c. Barometric pressure decreased some throughout the day; mean value
was 883 mb.
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d. Relative humidity varied between 50 and 30 percent and started
decreasing at noon time.

e. Wind speed varied between 0 and 2 rn/sec until 1000 hr, then varied
between 0 and 4 rn/sec throughout the rest of the day.

f Visibility varied throughout the daytime hours (between 50 and 40 kin),
decreasing to 10 km at 2100 hr.

g. No rain precipitation.

For diurnal 3, image metrics were computed on 960 IR images of terrain
feature; computation was the same as for diurnal 2. Meteorological data at the
time the imagery was collected (to the near minute) and image metric results
are listed in Appendix G for diurnal 3.

The diurnal 3 was also executed under sunny-day conditions and higher
both air temperature and solar loading values than for the diurnals I and 2. As
a result, terrain features exhibited similar IR signature profiles throughout the
24-hr-day period, but the mean temperature, thermal variability, and skewness
values were higher.

Figure 18 presents the LWB thermal signatures of the terrain features
within the western area. Figure 18a shows that desert pavement features
exhibited wanner mean temperatures (max = 55 °C, min = 10 °C) than the flat
grassy area and tree and bush features (max = 45 °C, min = 15 °C) during
daytime hours and slightly cooler mean temperatures during nighttime hours.
The sloping and flat desert pavement features exhibited a very similar mean
temperature profile throughout the day, while the trees also exhibited a similar
mean temperature profile. Figure 18b shows that the sloping desert pavement
exhibited higher thermal variability (STDEV between 0 and 3 °C, and
RNG_90 between 1 and 8 °C) than the rest of the terrain features; the other
terrain features exhibited similar thermal variability (STDEV between 0 and
1.5 C, and RNG-90 between 1 and 4 GC).

Sloping desert pavement temperature distribution was noticeably skewed
toward cooler temperatures (Figure 18) during daytime hours, while paloverde
tree and catclaw tree temperature distributions were skewed toward warmer
temperatures during daytime hours. During nighttime hours, the process was
reversed, but the skewness was less noticeable. The flat soil features were not
noticeably skewed throughout the day.

Figure 19 shows the SWB thermal signatures of the six terrain features
within the western area. Compared with the LWB data, terrain features' signa-
tures in the SWB exhibited similar mean temperatures during daytime hours
and warmer temperatures during nighttime hours. In general, compared with
diumals I and 2, SWB data exhibited very high thermal variability and skew-
ness values during daytime hours, especially for the sloping desert pavement
and tree features.
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exhibited warmer mean temperatures than the trees during daytime hours and
cooler mean temperatures during nighttime hours. The flat bare soil, flat bare
soil/grassy area, and creosote bush feature exhibited similar thermal variability,
while the other trees exhibited very little thermal variability. The paloverde
tree feature distribution was noticeably skewed toward warmer temperature
values during daytime hours.

Figure 21 shows the SWB thermal signatures of the terrain features within
the eastern area. Compared with the LWB data, terrain features' signatures in
the SWB exhibited similar mean temperatures during daytime hours and
wanner temperatures during nighttime hours. Also, the SWB data exhibited
more thermal variability during daytime hours and similar skewness values.

Analysis of Terrain Features During Scheduled
SWOE Missions

Meteorological conditions that occurred at the time of execution for the
1-hr missions were presented and discussed in Chapter 3 of this report. Also,
see Description and Summary of Image Data Collected for a description of IR
imagery collected during missions.

For each 1-hr data collection mission executed, only the terrain feature IR
imagery collected during both the critical image set and the nearest critical
image set was processed and analyzed (the remaining data are stored on a
storage media at WES); this ensured that IR imagery from both imaging areas
(western and eastern area) was analyzed. Consequently, for each SWOE
scheduled 1-hr mission, 10 IR images (5 LWB and 5 SWB) of terrain features
were processed and analyzed from each of the two imaging areas.

The image metric results obtained from the processed terrain feature IR
imagery and the meteorological data at the time this imagery was collected (to
the near minute) are stored in a WES database to be used in support of SWOE
synthetic image validation efforts (see Appendix H for data listing). In addi-
tion, scatter plots of terrain features' mean temperature versus standard devia-
tion (thermal variability) for all the processed terrain feature IR imagery are
presented in Figure 22 (western area data) and Figure 23 (eastern area data).

A daily comparison of the image metrics results computed on the terrain
feature IR imagery collected during the 1-hr missions was not possible because
(a) data collection was limited to only four 1-hr time periods per day (see
Table 2) and (b) meteorological conditions varied from day to day during the
47-day exercise. Therefore, scatter plots (mean temperature versus thermal
variability) were used to present the image metrics results using the processed
IR mission data collected during the 47 days of the exercise. Since IR mission
data were collected at random times, it was decided to group the data into four
different 6-hr time spans depending on when the missions were executed:
00:00 to 06:00 hr (interval 1), 06:01 to 12:00 hr (interval 2), 12:01 to 18:00 hr
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different 6-hr time spans depending on when the missions were executed:
00:00 to 06:00 hr (interval 1), 06:01 to 12:00 hr (interval 2), 12:01 to 18:00 hr
(interval 3), and 18:01 to 24:00 hr (interval 4). The purposes of the scatter
plots were (a) to determine if there is a pattern within each interval in terrain
features' IR signatures, (b) to determine similarities or differences among the
four 6-hr time periods in terrain features' IR signatures, and (c) to determine
the range of terrain features' mean temperatures and thermal variabilities dur-
ing the 47 days of the exercise.

Some of the thermal signature patterns observed within each terrain feature
plot in Figures 22 and 23 were as follows: (a) mean temperatures and thermal
variabilities within interval 1 were very clustered, especially in the SWB data,
(b) within intervals 2 and 3, feature mean temperatures and thermal variabili-
ties were very scattered and grouped together, (c) warmest mean temperatures
were found within interval 3, (d) terrain features exhibited warmer mean tem-
peratures within interval 4 than within interval 1, but similar thermal variabili-
ties, and (e) comparing both wave bands, the SWB feature data exhibited less
thermal variability then the LWB feature data within intervals 1 and 4, but
more thermal variability within intervals 2 and 3.

Figure 22a depicts the LWB thermal signatures of the terrain features with-
in the western area. Soil mean temperatures varied between 0 and 55 °C,
while the mean temperatures of trees and bushes varied between 5 and 45 *C.
The desert pavements exhibited the warmest mean temperatures (50 to 55 0C).
The flat desert pavement exhibited less thermal variability throughout the exer-
cise than the other terrain features. The sloping desert pavement and the palo-
verde tree exhibited the widest range of thermal variability (0.25 and 3.0 *Q
of all of the terrain features throughout the exercise. Some of the thermal
variability exhibited by the trees and bushes was due to the composition of two
types of materials with different IR signatures, the tree or bush itself and the
desert pavement background detected through the branches and leaves.

Figure 22b depicts the SWB thermal signatures of the terrain features
within the western area. Soil mean temperatures varied between 10 and 55 C,
while tree and bush mean temperatures varied between 10 and 40 OC. As in
the LWB data, the sloping desert pavement and the paloverde tree exhibited
the largest range of thermal variability (0.25 and 4.0 0C) throughout the dura-
tion of the exercise.

Figure 23a depicts the LWB thermal signatures of the terrain features
within the eastern arva. The soils terrain features exhibited a wider range of
mean temperatures (0 to 55 0C) and thermal variabilities (0.25 to 2.25). The
dead paloverde tree showed a lot of thermal variability because it was some-
what difficult to accurately enclose the dead tree with the polygon; therefore,
some background pixels were also measured. The trees and bushes exhibited
very similar thermal signatures, with mean temperatures between 5 and 45 0C
and thermal variabilities between 0.25 and 1.5 C, although the creosote bush
exhibited a little more thermal variability than the others.
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Figure 23b depicts the SWB thermal signatures of the terrain features
within the eastern area. In the SWB data, soil terrain features exhibited mean
temperatures between 10 and 55 °C and thermal variabilities between 0.25 and
3.25 1C. The creosote bush exhibited similar mean temperature to the other
trees/bushes. but more thermal variability.
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5 Summary of Results

During the Yuma I exercise, WES collected approximately 19,500 terrain
features' IR images of which 4,300 IR images were analyzed and discussed in
this report. The three diurnal IR data collections were executed on 24MAR,
08APR, and 26APR, while 1-hr missions IR data were randomly collected
throughout the duration of the exercise. Thermal signature data (2- to 5.6-pm
and 8- to 12-pm) were collected and analyzed on six terrain features within the
western area, including sloping desert pavement, flat desert pavement, flat
grassy area, creosote tee, paloverde tree, and catclaw tree, and seven terrain
features within the eastern area, including flat bare soil, mix bare soil-grass,
paloverde tree, dead paloverde tree (a dead trunk), creosote bush, desert sage
tree, and Texas sage tree.

Image metrics were computed including minimum, mode, median, mean,
maximum, 5-percentile, 95-percentile, 90-percentile range, standard deviation,
and skewness. Meteorological data and image metric results (in °C) are pre-
sented in the appendixes. These image metrics were used to show the central
tendency, thermal variability, and shape of the terrain features' temperature
distribution. A database was generated containing information about terrain
feature attribute data, image metrics results, and meteorological data and will
be used in support of the SWOE synthetic image validation efforts.

Each terrain feature exhibited similar IR signature profiles during diur-
nals 1, 2, and 3. The magnitude of the mean temperature, thermal variability,
and skewness value for the terrain features depended on the meteorological
conditions during the diurnals. Terrain features' IR signatures were more
pronounced during diurnal 3 partly because of warmer air temperature, higher
solar loading, and other meteorological conditions. Air temperature and terrain
features' mean radiometric temperature increased throughout the 47 days of
data collection. In both wave bands, the desert pavements, bare soil, and
grassy area exhibited warmer mean temperatures than the paloverde tree, cat-
claw tree, creosote bush, and others during the daytime hours and slightly
cooler temperatures during nighttime hours. The tree and bush features exhib-
ited a very similar mean temperature profile throughout a 24-hr day.

The WES LWB and SWB data for the warm days (diurnal 3) showed the
sloping desert pavement feature exhibiting more thermal variability than any
other feature; also, its temperature distribution was noticeably skewed toward
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cooler temperatures during daytime hours. Compared with the flat desert
pavement, bare soil, and grassy area features, the tree and bush features exhib-
ited higher thermal variability, and temperature distribution was skewed toward
warmer temperatures during daytime hours. This temperature distribution,
skewed toward warmer temperatures in both the tree and bush features, was
due mainly to two types of materials (tree or bush and soil background mea-
sured through the gaps in the branch and foliage structure) containing different
thermal properties. In other words, temperature distributions of the tree and
bush features were skewed toward warmer temperatures during daytime hours
because the soil background was warmer at that time of the day and slightly
skewed toward cooler temperatures during nighttime hours because the soil
background was a little cooler during nighttime hours.

Data collected during the randomly selected mission times were analyzed.
Patterns were observed for each terrain feature plot. Mean temperatures and
thermal variabilities during the period midnight to 0600 hr were very clustered
(especially in the SWB data). Mean temperatures and thermal variabilities for
the period 0600 to 1800 hr were scattered, and features had similar thermal
signatures. The warmest mean temperatures of the features were during the
period 1200 to 1800 hr. Terrain features exhibited waner mean temperatures
and similar thermal variabilities during the period 1800 hr to midnight than
during the period midnight to 0600 hr. The SWB data exhibited less thermal
variability than the LWB data within the midnight to 0600-hr period and
1800 to midnight period. More thermal variability occurred within the 0600-
to 1800-hr period.

Chapter 5 Summary of Results 21
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Figure 17. Meteorological data during diurnal 3 (26APR93) (Continued)
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Figure 21. Infrared signatures of features imaged (SWB) within eastern area during diurnal 3 (26APR93) (Continued)
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[Table 1
IR CameraSpecification

[S~ll~t~Wave Bond

Model Erika Thermovision Erika rhermvision
QW series -900 SW 900 series -900 LW

Wavelength band 2 to 5.6 ~Im 8 to 12 Wm

FOV lens 2.0 y12v2.5Uh by 1,25v

Screen resolution 272h by 136v 272h by 136h

Image resolution 12-bit (4096 levels) 12-bit (4096 levels)

Radometric sensitivity 0. 1 00 at 30 OC object 0.08 TC at 30 *C object
_________________ temperature temperature

Radiometric accuracy ±1% or ±1 00 ±1% or ±1 00

Radometric repeatability ±0.5% or ±0.5 'C ±0.5% or ±0.5 0
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Table 4
RelativeAngles and UTM Coordinates Positions of IR Images

Camera VW*Ing
Angles UTMd Coordinates

limagng Image Azimnuth Elevation East INorth
Area Deseription dog dog In jM

- EOMEMM MHMEMM -

Western area Sloping desert 69.29 -8.00 756023 3680816
pavement I_____ ____

Flat desert 72.74 -8.00 756063 3650629
pavemrent_________________

catolw tee 75.17 -10.57 756091 3650832

Creosote bush anid 79.06 -g,25 756082 3680851
grasy area ____

Palovertie tree 94.75 -11.70 756116 3650867

Eastern area Desert sage -119.29 -9.10 756366 3650820

Creosote bush and -121.43 -9.22 756352 3650822
bare soil

Psioverde tree -!'!1.73 -8.07 756379 3650826

Grassy area -120.81 -11 06 759336 3650819

Dead paloverde -126.99 -9.10 756363 3650839
tree, creosote
bush, and bare soil
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Table a
Range of Soil Moisture Condition During Yuma I Exercise

site Moisture Troxler Speyoven

A Minimum U,4 .11.8

Maximum 9.8 11.4 11,0

________Average 2.5 3.1 3.6

BMinimum 0.2 0.4 0,6

Maximum 4.2 8.28,

________Average 1.2 1.4 1.7

C Minimum 0.6 0.9 0.0

Maximum 4.4 13.1 11.9

_________Average 1.6 2.3 2.7

D Minimum 0,2 0.6 0.7

Maximum 4.9 11.6 12.0

________Avernqf. 1.2 1.8 2.1

E Minimum 0.4 0.83 0.7

Maximum 6.2 11A1 12.9

Average 2.0 2.6 3.2

F Minimum 0.0 0.3 0.7

Maximum 6.2 10.1 9.9

Average 11.0 172.0
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Appendix A
Image Data Collection
Procedures

The cameras were mounted on a computer-controlled mount that allowed
for 360 deg of rotation and approximately 70 deg of tilt. This mount was
attached to the boom of the U.S. Army Engineer Waterways Experiment Sta-
tion (WES) boom truck and was programmed to allow location and imaging-
specific terrain features in the field of regard. The procedure used during the
imaging period was as follows:

a. Two WES passive blackbodies, 18- by 18- by 0.5-in. steel plates,
painted flat black, were set such that both could be directly viewed by
the sensors within a single field of view. One blackbody was shaded
from direct sunlight and sky exposure, resulting in a measurable tem-
perature difference between the two blackbodies under most conditions.
Thermistors, embedded in the front and back of each blackbody,
recorded physical temperature, which was stored on a micrologger and
displayed in the instrument truck. WES personnel raised the boom
sufficient to obtain an unobstructed view of the two WES passive
blackbodies. The cameras were then pointed in the direction of the
blackbodies, and image data were collected in both wave bands.

b. The boom was then extended to its full height (55 ft), and the cameras
were aligned on a boresight target (a Coleman lantern). This step
ensured that the relative angles to the 10 predetermined locations were
correct.

c, The cameras were then positioned at the first predetermined location
within the western area. At the designated time, terrain feature IR
images were collected from each of the five predetermined locations,
and the cameras were then repositioned to collect imagery on the east-
ern area. At the designated time, terrain features were imaged within
this area based on five predetermined locations. This process continued
until the end of the Smart Weapons Operability Enhancement (SWOE)
scheduled mission.

Appendix A Image Data Coliecton Procedures Al



d. At the conclusion of each 1-hr data collection period, the boom was
lowered so that the blackbodies could be reimaged except when two
1-hr missions were scheduled back to back. In this case, the ending
blackbody images of the first mission were omitted, and the beginning
blackbody images of the second image were omitted.

WES collected data for three diurnal periods during the Yuma I data col-
lection period. These occurred on 24 March, 8 April, and 26 April. The pro-
cedure used for these diurnals was similar to that used for the regular SWOE
missinns excepz blackbody images were obtained only during long breaks in
the imaging session.

The accuracy of the factory calibration was examined using these black-
body images by comparing the camera's radiometric temperature estimates
with the temperatures measured from the blackbodies. When 90 percent of the
absolute errors were within factory calibration (±1 'C), the factory calibration
procedures were used for a given excursion. Throughout the test, both cam-
eras operated within factory calibration; therefore, no calibration correction was
necessary.

A2 Appendix A Image Data Collection Procedures



Appendix B
Summary of Hourly Averaged
Meteorological Data (ARL
Stations B, C, and D) Collected
During Yuma 1

Appendix B Summary, Meteorological Data 
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AIR SOLAR RELATIVE BAROMETR IC WIND WIND VISI81 - IRECIPl -
DATE AM TINE Me3MTUAE RADIATION HUMIDITY PmEUmW SPEED DIRECTION LITT TATION

OF OLLECTII 011. C) (W/R2) (PERCENT) (NILLIBUAS) (/S) (DEGREES) (101) (rn/HR)

1911113:01:00 16.6 0 64 983 0.7 35 39 0.00I5M9J:01:00 16.0 0 59 M 0.7 35 40 0.00I s911:U:I 15. 1 0 58 965 0.7 40 40 0.01i911M1::00 15.4 0 57 M5 0.8 130 41 0.00
19111"404:09 14.9 0 57 96 0.8 126 41 0.0019 Z85:60 14.2 0 59 966 0.7 96 40 0.00IN5AIN:1,:00 12.9 0 68 966 1.1 55 34 0.0019 5:7O0 12.6 23 74 967 0.9 66 26 0.001M :08:00 15.7 174 66 967 1.0 71 25 0.001591M1:09:00 18.9 388 55 9 1.6 238 26 0.00S1MA 5 110:00 19.7 581 52 969 1.5 241 24 0.00IS99:11:00 21.6 735 45 g9 0.4 283 29 0.00ISM911912:00 23.7 824 34 96 0.4 346 36 0.001516695:13:00 25.2 652 26 967 1.4 321 43 0.00l59t193:16:00 25.9 812 21 966 2.0 350 45 0.005M O: 15:00 26.4 696 20 966 1.1 327 45 0.001SNAM :16:00 26.7 522 21 96 1.0 295 43 0.001Sid95:17:00 26.7 311 21 965 1.8 301 38 0.0015s1m93:18:00 26.0 102 20 965 1.0 317 44 0.001591193:19:00 24.1 2 25 966 0.6 19 45 0.00IS1193:20:00 21.2 0 34 966 0.3 64 45 0.00IS4*93:21:00 19.4 0 40 967 0.7 so 42 0.001WIA93:22:00 18.8 0 42 967 0.4 63 39 0.001SFA*93:23:00 18.1 0 46 967 0.1 232 30 0.0016AM 3:00:00 18.1 0 49 968 0.7 224 31 0.00161NA93:01:00 17.8 0 49 968 0.2 325 38 0.00161*193:02:00 16.6 0 53 "a 0.8 40 40 0.0016101493:03:00 15.2 0 57 9 1.1 39 41 0.0016M*93:04:00 is.2 0 57 988 1.1 36 41 0.001K41M93:05:00 14.6 0 60 968 1.0 40 41 0.00164v93:06:00 13.9 0 63 961 1.0 33 40 0.0016 9M93:07:00 14.0 23 62 989 1.3 30 39 0.00169,93: 08:00 16.7 184 55 990 0.8 21 37 0.00164*93:09:00 20.6 411 42 990 2.1 355 37 0.001614M93:10:00 23.1 603 25 991 3.2 358 44 0.00161MA93:11:00 24.1 743 20 990 2.8 1 45 0.0016N41t93:12:00 25.3 824 19 990 1.8 350 46 0.00161RM93:13:00 26.7 870 17 969 1.3 330 45 0.0016* R93:14:00 27.8 833 16 "a 0.9 4 46 0.00161M9: 15:00 28.6 716 15 967 0.7 349 45 0.00161*93:16:00 29.0 524 14 987 1.1 222 44 0.001611A93:17:00 29.0 331 15 967 1.2 24 40 0.00169NA3:18:00 28.1 90 17 967 1.4 283 46 0.00169M93:19:00 25.6 2 21 968 0.9" 281 36 0.0016M4R93:20:00 23.4 0 24 968 0.5 346 46 0.00169AR93:21:00 20.5 0 31 989 0.9 46 46 0.0016M9lt93:22:00 19.0 0 39 969 0.2 39 48 0.001619M:23:00 17.5 0 43 969 1.0 42 48 0.00
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AIR SOLAR RELAtIVE M ITIIIC "JINO WINO VISISI- PREC: P I
OA AND TIN TEEIRAWU1E RADIATION IUMICITY PESWE S 11110 OIRECTION LTY I"ATION
OF COLLCTION (0*,. C) (W/MN2) (PERCENT) ("ILLIAR) (M/S) (0EGREES" 'CM) (IINR)

17MIW19:00:00 17.3 4 61 960 1.2 45 48 0.00
I IPAM:01:00 17.3 0 39 969 1.5 50 49 0.00
171W493:02:00 i?.3 0 37 969 1.3 57 49 0.00
17NAM3z03400 1s.6 0 45 9m 0.7 33 4 0.00
171RA93iO0400 IS.? 0 46 9I 1.2 62 48 0.00
17N1M93st$ 16.1 0 6 WI 0.6 26 48 0.00
17MRA3:06:00 16.3 0 45 9? 1.1 97 47 0.00
17Ks93: 07:O 17.6 29 40 967 1.? 111 43 0.00
17hAi9m:08:00 20.2 208 34 9Wi 1.7 137 6.2 0.00
17A1M93:09100 22.9 40 29 9I 2.2 143 37 0.00
17WMA13MI0:00 25.1 578 26 9I 2.2 181 38 0.00
17NMI93s1:00 25.5 666 27 967 2.5 226 34 0.00
17mm 9312:00 26.3 712 27 906 1.9 228 27 0.00
17AM93:13:00 27.4 748 26 965 2.0 257 28 0.00
171IAM9314z00 27.4 423 27 96. 3.1 257 28 0.00
17HA1M9:15:00 23.1 376 22 964 3.6 275 40 0.00
17PMA3:16s00 27.7 258 21 963 4.3 286 42 0.00
17HAr : 17:00 27.4 201 24 963 3.8 273 42 0.00
17PAM93:18:00 26.5 69 29 963 3.7 274 31 0.00
17KAR93*l9;00 25.1 3 33 963 2.6 275 39 0.00
17MA"9320:00 24.3 0 37 963 2.9 260 41 0.00
171MA93:21:00 23.6 0 40 964 3.9 287 39 0.00
17a93:22:00 22.3 0 45 964 1.4 263 38 0.00
17K"93:23:00 21.1 0 69 964 1.1 285 33 0.00
1M*93:00:00 20.1 0 51 964 0.9 263 36 0.00
18NR93:01:00 19.5 0 52 963 1.3 298 43 0.00
IN3M93:02:00 18.1 0 56 963 0.5 347 '7 0.00
18M93:03:00 17.0 0 58 963 0.2 289 45 0.00
181A193:04:00 16.6 0 60 962 0.6 333 49 0.00
181A93:05:00 14.8 0 67 962 0.5 41 48 0.00
IIINAR9:06:00 14.6 0 70 983 0.4 67 48 0.00
165Af93:07:00 13.9 17 74 964 0.3 60 4.7 0.00
11HA93:08:00 16.4 165 65 964 0.2 14 46 0.00
l1A13:09:00 19.4 409 52 964 1.5 275 41 0.00
1M9AR93:10:00 21.4 607 '. 965 2.3 307 41 0.00
16aM93:11:00 23.6 767 30 964 2.8 311 42 0.00
184AM9:12:00 25.1 662 24 984 3.4 306 '.2 0.00
1MAR93:13:00 26.0 88 22 983 4.0 279 38 0.00
15MA*93:14:00 26.9 827 21 962 3.3 288 40 0.00
18aW93:15s00 27.9 712 17 962 3.3 296 43 0.00
111M193:16:00 28.1 543 13 981 3.5 315 4' 0.00
1aNAR93: 17:00 27.9 337 13 961 4.3 335 39 0.00
IMAM93:18:00 26.8 119 15 962 4.1 348 42 0.00
15aMR93 119, 00 24.8 4 20 963 2.0 351 41 0.00
165AR93:20:00 22.3 0 27 964 0.9 35 39 0.00
18MA93:21:00 19.6 0 34 965 1.1 60 38 0.00
14AI93: 22:00 16.6 0 37 966 0.5 28 34 0.00

1OWA93:23:00 17.2 0 41 966 1.0 46 34 0.00
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AIR S.A RELATIVE SIWIAETIIC WINO WIND VIS1ll- PRECIPI -
DATE AND TINE TOERATIM1E RADIATION KUIIDITY PRESUE SPEED DIRECTION LITY TATION
OF COLLECTION (Ot. C) (UIMN2) (PERCENT) (NILLISARS) C(/S) (DEGREES) (10) (MS/4HR)

19I'A1500:00 16.4 0 43 966 1.0 40 35 0.00
IIPA93:0oI:0 15.9 0 44 967 0.7 32 36 0.00
IqM1i93:0200 15.7 0 40 967 1.4 33 39 0.00
l1*1M93:03:00 14.9 0 39 9"6 1.0 18 42 0.00
1m9 ':04to0 13.5 0 41 96? 1.7 26 44 0.00
11*19%" :05100 13.6 0 40 987 1.4 14 44 0.00
19NAM93:06tO0 12.8 0 42 960 1.2 35 45 0.00
191t93:07:00 12.4 30 46 969 0.5 8 45 0.00
INlMI930S,00 16.9 207 39 969 1.0 118 42 0.00
tONAM109:00 20.5 428 34 990 2.2 162 40 0.00
1N1M s1O:00 22.2 622 30 990 2.0 155 ,4 0.00
l1o s511:i0o 24.0 769 a5 990 0.5 161 44 0.00
19M S312:00 23.5 856 23 990 0.5 247 43 0.00
1INAR93:13:00 26.7 8 19 989 0.7 2 42 0.00

I1*M :14:00 27.9 a30 15 968 0.4 30 44 0.00
19M93:15:00 28.4 718 13 9a 1.6 356 46 0.00
19M193:16:00 28.9 541 12 967 0.9 0 46 0.00
lgM1t93:17:00 28.7 328 12 967 2.1 356 47 0.00
1g9AR19:18:00 27.9 111 12 966 1.9 333 49 0.00
196A93:19:00 25.4 3 15 967 1.0 330 48 0.00
1914R93:20:00 24.5 0 21 987 0.7 56 44 0.00
191MA93:21:00 21.4 0 26 968 0.9 52 48 0.00
191NR93:22:00 19.7 0 28 968 1.1 38 49 0.00
19l193:23:00 18.1 0 32 968 1.2 36 49 0.00
20w1m*93:O0:o0 17.3 0 32 967 1.4. 41 49 0.00
20KA 3:01;00 17.4 0 33 967 1.5 52 49 0.00
201*U93: 02:00 16.8 0 33 967 1.4 10 49 0.00
201i93:03:00 16.4 0 32 967 1.5 25 49 0.00
201M93:04:00 15.7 0 34 966 1.4 53 49 0.00
20MR93:05:00 16.1 0 34 966 1.7 54 49 0.00
20W4MR9: 06: 00 16.1 0 36 966 1.5 56 48 0.00
2014AIW3:07:00 15.8 19 39 967 0.4 37 48 0.00
201493:08:00 15.9 96 47 987 0.3 22 48 0.00
201KU93:09:00 19.2 237 35 968 0.6 133 46 0.00
2014*93:lO0:0 22.4 375 26 967 1.0 134 48 0.00
200 :I93:11:00 24.0 485 24 967 1.2 190 46 0.00
201*93:12:00 25.5 689 20 966 1.0 151 43 0.00
20NA93:13:00 26.5 557 19 965 1.8 195 46 0.00
201493.:14:00 26.9 6"6 17 965 1.1 220 47 0.00
20H1*93:15:00 27.7 697 16 964 0.2 225 46 0.00
201193:16:00 27.8 491 16 983 1.2 213 46 0.00
2014*19:17:00 27.8 312 16 963 I.S 2.M 46 0.00
201493:18:00 26.8 67 17 962 1.2 246 47 0.00
2OKAR93:19: 00 25.5 4 20 - 9 2 0.8 135 45 0.00
20KA 93:20:00 23.7 0 22 963 0.8 115 45 0.00
201AR93:21:00 22.5 0 25 963 0.7 65 44 0.00
201493:22:00 20.5 0 30 963 0.7 23 45 0.00
20NA93:23:00 18.9 0 33 963 1.0 36 47 0.00
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AIR SOLAR RELATIVE GAR"IETRIC WiND WINO I(SII- PRECIPI -
OATI ANO INS TM E EATURE RAIATION MNI0ITY PRilEUi SPIED OIRECTION LITY rTtON
OF COLLECTION (O. C) (W/N^2) (PERCENT) (MILLIWARS) (M/S) (DEGREES) .KNm) (MMINR)

21,A93S00:00 17.9 0 33 963 1.2 5? 4? 0.00
21NM93 01:00 16.1 a 37 963 1,2 38 47 0.00
21KV191,02:00 15.3 0 41 93 1.4 Is 47 0.00
21NKO9103:00 16.0 0 37 962 1.7 32 4? 0.00
21IA so*93,04 16.0 0 37 96 1.5 32 6 0.00
21NR9"205900 15.8 0 38 910 1.4 29 6 0.00
2lNAEM35OSI00 13.6 0 47 962 0.5 5 47 0.00
alNA93107:00 14.4 37 44 96 1.1 5 46 0.00
211M931a00 18.1 196 36 96 1.1 334 43 0.00
21MUwSS09:00 21.1 421 29 962 1.7 309 47 0.00
21NA0935 t0ton 24.3 619 23 962 2.? 321 47 0.00
210M :3s11:00 85.8 770 21 961 3.0 318 47 0.00
21AM93:12:00 27.3 854 19 96 2.7 309 47 0.00
211,1493113100 28.3 87? 18 91s 3.5 323 47 0.00
2114,193214"00 28.7 828 17 961 3.1 321 47 0.00
211MA935:00 29.2 712 16 960 3.2 317 47 0.00
21INAl 16:00 29.3 539 16 960 3.1 334 4? 0.00
21A93:7:OO 29.1 333 Is 960 3.2 332 47 0.00
21AMa: 18:00 28.4 120 17 960 2.5 343 48 0.00
21NM93:19:00 26.3 5 20 960 t.2 360 47 0.00
21NM93:20:00 23.6 0 25 91 0.6 25 48 0.00
21AM93:21:00 21.4 0 21 961 1.0 36 49 0.00
2118*9:22:00 20.8 0 28 962 1.5 49 49 0.00
211M93z.23:00 19.9 0 30 962 1.4 46 49 0.00
22NA193:00100 18.4 0 34 962 0.1 i8 49 0.00
22HA93:01:00 18.2 0 34 983 0.6 62 49 0.00
22M .93:02:00 17.7 0 35 963 1.1 4 49 0.00
2AIM93:03:00 16.3 0 39 982 1.1 11 49 0.00
22 a93:04:00 15.3 0 43 962 1.2 26 49 0.00
221AR93:05:00 14.7 0 47 963 1.0 s0 48 0.00
2ZAR93:06:00 14.4 0 49 963 0.7 27 48 0.00
22KA93:07:00 13.9 35 32 964 0.5 57 47 0.00
22NAR93:08:00 17.6 208 44 985 0.7 21 4 0.00
22 4A93.09:00 21.8 421 31 96S 0.6 3 43 0.00
2MAR93:10:00 24.3 614 27 966 0.5 263 43 0.00
221M193:11:00 26.4 765 24 966 1.2 159 42 0.00
22PAR93:12.00 28.0 857 21 966 2.5 134 42 0.00
22MAR93:13:00 29.0 876 20 963 2.8 157 42 0.00
22M1A 14:00 29.7 827 18 964 2.4 163 43 0.00
22MA193:15:00 30.1 709 16 963 2.0 184 43 0.00

30.3 :35 16 963 1.8 194 43 0.00
228M93:17:00 30.1 328 17 982 1.4 221 42 0.00
228A*93:18:00 29.5 117 18 962 1.5 236 42 0.00
228MA93:19:00 27.2 5 23 963 1.2 224 40 0.00
22A1*93:20:00 24.9 0 27 963 0.3 228 37 0.00
22,*93: 21:00 23.2 0 31 964 0.4 23 37 0.00
22MA893:22:00 20.7 0 37 964 1.0 34 36 0.00
2210AR93:23:00 20.0 0 39 965 0.6 48 39 0.00
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AIR SOIAR RELATIV IIARITRIC wuINO WINO VIIII- PRiCIPI-
OATS AND TIME TVI*A 1tl RADIATION IUMIITY PRSAMSI SPEED DIRECTION LITY TATION
OF COLLECTION (06g. C) (W/M2) (PERCENT) (MILLIMARS) M/S) (DEPISE) M) (WpiR)

2SK$M93:OOO 19.8 0 41 96 0.4 28 37 0.00
MAMO1:00 18.3 0 49 965 0.8 36 34 0.00

23NAR93:02:00 18.1 0 48 96n 1.0 17 36 0.O0
C36M93:O3:t0 18.0 0 43 964 1.4 17 40 0.00
U3NIA9330480 17.2 0 4 94 1.3 28 40 0.00
23NA31M9O10 16.0 0 49 9m 1.1 39 40 0.00
2 NmR9306900 13.6 0 49 965 1.2 41 41 0.00
23KM93:07:00 16.6 53 47 963 1.0 41 42 0.00
231493:08:00 21.7 212 34 96 0.3 181 42 0.00
51M SOV09:00 23.6 416 29 96 0.8 197 41 0.00
M3NA*9511000 24.6 614 26 06 1.6 230 36 0.00

IDAM1511:00 26.0 763 24 967 1.8 221 32 0.00
1A93412:00 2?.4 850 22 96 2.0 219 38 0.00

23MA93 13t00 28.6 870 19 965 2.3 208 40 0.00
23K1VA31A4i0O 29.3 2 18 96 2.1 218 41 0.00
231AM1930:5:00 30.0 706 18 964 2.7 218 40 0.00
23AI93: 16:00 29.9 538 19 963 2.9 217 42 0.00
23MA.93:17:00 219.8 334 18 963 2.3 221 40 0.00
23MAR93:18:00 29.0 125 19 983 2.6 219 41 0.00
2,66*93:19:00 27.2 6 22 963 1.4 ,231 33 0.00
231MA93:20:00 25.1 0 25 984 0.8 225 37 0.00
2319321:00 23.7 0 27 964 0.6 154 40 0.00
23MA193:22:00 23.3 0 31 983 2.6 123 42 0.00
23MA193:23:00 21.7 0 36 965 1.6 110 44 0.00
241M93:00:00 20.6 0 39 965 0.1 354 44 O.UO
24MA93:01:00 18.7 0 42 965 0.3 356 42 0.00
241M.93:02:00 16.7 0 48 965 0.9 34 43 0.00
244AMM903:000 16.2 0 50 964 0.8 31 43 0.00
244AR93:04:00 16.9 0 46 964 1.1 78 44 0.00
24MAO3:0S:00 17.0 0 46 965 0.9 75 43 0.00
2466*93:06:00 16.4 0 47 965 1.3 62 43 0.00
246MA93:07:00 17.3 41 46 965 1.5 78 43 0.00
246MA93:08:00 20.4 213 39 916 2.2 115 43 0.00
246M193:09:00 22.6 421 35 986 3.0 121 42 0.00
24PAR93:10:00 23.7 618 38 966 3.5 124 39 0.00
24NAt93:11:00 24.5 767 42 966 3.8 139 37 0.00
2414*193:12:00 25.6 644 40 966 3.2 157 35 0.00
2411*t93:13:00 26.6 685 36 985 2.7 152 37 0.00
24PA*93:14:00 27.4 627 30 964 2.9 193 38 0.00
246 sI93:15:00 27.8 624 28 964 3.3 191 40 0.00
2*4193:16:00 28.0 511 26 963 3.6 206 39 0.00
24NMR93:17:00 27.9 337 27 983 2.5 186 40 0.00
24K4*93:18:00 27.3 124 27 963 2.3 180 41 0.00
24 93: 19:00 25.6 4 33 983 2.3 164 38 0.00
24OM93:20:00 23.? 0 40 964 1.7 214 37 0.00
2466*93:21:00 21.9 0 43 964 0.6 221 37 0.00
246619:22:00 20.3 0 46 9 0.3 32 30 0.00
24MAR93:23:00 18.7 0 50 965 0.6 32 28 0.00
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Alit SOLAR RELATIVE SA*@UTRIC WIND WIND v13181 PRICIPI.-
DATE AMime VVIS~ERATU6 RADIATION "101 IT PRESSURE SPEED DIRECTION L.' tAT [ON
OF COLLECTION (1)". C) (W/N^2) (PERCENT) (AILLISAS) (AMS (DEGREES) (KI 0(4/041)

23RAR93200:00 17.6 0 51. 905 0.7 40 36 0.00
25MAR95z01:00 17.3 0 5I 983 1 0 43 '0 '3.00
25"w"1302300 1s.# 0 55 960 1.2 55 39 0.00
2560*9:02:00 17.3 0 so 960 2.1 8t 39 0.00
2511:04800 17. 0 S4 960 2.2 93 38 0.00
2560*93:5$00 16.8 0 S7 964 2.2 96 37 0.00
2560*9306s:0 17. 1 0 31 9104 2.6 9A 39 0.00
25PAR91:07:00 17.3 30 48 904 1.9 106 40 0.00
2sk"*93:06:0 16.& Igo so 960 2.8 121 38 0.00
2SPAI93:0:00 20.2 380 4? 964 3.8 112 35 0.00
25N60100 21.8 $78 42 965 4.0 118 37 0.00
2160*9311: 23.3 760 37 96 3.4 14" 37 0.00
25HA*9: 12:00 25.0 1156 34 9604 4.4 148 36 0.00
2SPA*95: MOD0 26.4 657 30 96a 4.9 151 37 0.00
25HA03.0:0 27.1 402 28 961 4.? 148 37 0.00
2$KfA*" 9 t 00 27.5 685 26 960 4.8 149 38 0.00
2SPA60316:00 27.2 487 26 960 4.S 149 37 0.00
25MAM9:17:00 26.3 207 30 960 4.4 156 37 0.00
25HA*93:IS: 00 25.3 60 28 960 4.0 160 38 0.00
MAN"69: 19 t00 23.6 3 31 9610 4.0 142 40 0.00

2560*93:20:00 22.0 0 35 960 3.3 154 38 0.00
2560*9:21:00 21.1 0 36 9"1 2.7 139 40 0.00
25H0*9322:00 20.1 0 40 961 2.7 137 39 0.00
2511A89323:00 19.3 a 45 961 3.3 142 40 0.00
260"Mrko:0 17.8 0 53 961 2.0 126 38 0.00
320""9301:00 17.1 0 61 9610 2.5 127 34 0.00
260*93:02:00 16.4 0 63 960 1.9 t07 34 0.00
26144111%03:00 16.3 0 65 979 2.6 113 34 0.00
26411893:04:00 15.6 0 67 979 2.9 117 33 0.00
260*93:05:0 15.0 0 72 979 3.8 121 31 0.00
260*93:06: 14.4 0 75 979 2.8 116 30 0.00
260*93:0700 14.2 23 73 979 2.5 103 31 0.00
260*93:08:00 14.9 69 72 960 2.6 118 31 0.00
260*3: 09 -00 15.8 214 67 96 3.2 126 32 0.00
260*A : 10:-.00 15.9 250 62 960 1.9 170 33 0.00
26NA193:Il1: 00 11.0 92 86 9"1 3.7 278 17 0.06
260*5: 12 -0 10.8 92 87 962 2.7 277 16 0.01
260*93:13: 00 10.5 78 90 "61 1.5 325 6 0.42
260*9314.00 10.3 74 aa 961 0.5 77 12 0,60
260*93:IS: 00 10.9 186 84 960 0.9 13 48 0.00
2660*93:16:00 11.9 313 79 961 1.9 190 48 0.00
2660*93:17: 00 13.3 4.28 70 960 1.1 181 48 0.00
260*93:18:00 13.6 118 66 .* 960 1.2 226 48 0.00
260A93:119-.00 12.9 4 73 9611 1.3 236 43 0.09
MAN*9: 20: 00 11.9 0 85 96 1.2 241 I8 0.25
2640*9:21:00 11.6 0 90 96 0.7 111 41 0.00
2660*93:22: 00 12.0 0 90 963 1.1 148 40 0.00
2460*93:23:s00 11.9 0 91 960 1.1 141 43 0.00
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AIR SOLAR RELATIVE BAROETRIC WINO WIND VISISl- PRECIPI -
DATE AN TIME TIEPERATURE RADIATION INMIDITY PRESSUE SPEED DIRECTION LITY TATION
OF COLLECTION (Deg. C) (W/M"2) (PERCENT) (1ILI.AA0) (11/3) (DEGRIES) (101) (M/R)

27MAR93:00:00 11.0 0 90 964 1.0 1S1 '3 0.00
27MR93:01 zoo 10.7 0 79 964 0.7? 235 44 0.00
IMM93z2:00 10.4 0 76 9" 0.5 237 47 0.00
27MA193:03O0 10.0 0 74 9"4 0.2 293 45 0.00
27NAR93306300 9.1 0 81 91 0.6 157 42 0.00
27HA93405100 8.8 0 80 9 0.1 119 40 0.00
27 NA93:06a00 8.4 0 86 961 0.7 73 38 0.00
27IF9507:00 8.8 42 87 956 0.8 $8 37 0.00
27 493:10100 10.8 157 710 97 0.2 191 35 0.00
7MgI93a00 12.? 458 56 97 1.7 248 35 0.00
ZM193210100 14.1 639 49 m 3.3 248 39 0.00
271*MA93:11:00 15.3 818 41 9M6 3.7 256 40 0.00
27MAR93:12200 16.5 925 36 97 4.1 245 43 0.00
27MR9 1300 17.2 913 37 g6? 4.2 231 43 0.00
271WU19:16€00 17.2 589 37 96 3.4 257 4 0.00
27WA93:1zSOO 18.1 680 34 96 3.4 246 43 0.00
271MA9316:00 18.4 594 34 966 4.0 219 42 0.00
27M1693: 17:€00 18.2 381 32 986 3.3 205 41 0.00
271AR935:18:00 17.6 130 33 986 2.2 224 43 0.00
27HAR93c19:00 16.3 7 41 906 1.4 220 42 0.00
271M1693:20:00 14.9 0 55 966 0.4 196 40 0.00
271693:21:00 14.4 0 50 97 1.9 268 39 0.00
VMAR93:22:00 13.1 0 S4 967 0.8 255 36 0.00
271M1M3.:00 12.2 0 56 67 0.4 287 34 0.00
28M 9:OQ:OO 11.3 0 61 966 0.1 6 33 0.00
211MR93:01 :00 9.9 0 76 966 0.4 47 30 0.00
28M643:02:00 9.1 0 83 "6 0.5 52 29 0.00
28M4*93:03:00 8.5 0 85 963 0.7 35 29 0.00
281NA9304:00 9.0 0 78 965 0.7 36 32 0.00
211AM93:0S:00 9.0 0 82 965 0.2 106 30 0.00
211NA93:06:00 9.3 0 76 965 0.8 104 31 0.00
z2NA893: 0?00 10.4 21 67 985 0.7 8s 33 0.00
281093.0:00 11.9 14 61 985 0.7 141 34 0.00
2amm*3:o09:,00 13.0 197 52 96 2.0 135 34 0.00
28A1493: 10:00 14.7 529 48 965 1.7 138 35 0.00
20MR93:1t00 16.0 530 4 985 2.0 184 35 0.00
2814*93:12:00 17.3 672 38 985 1.5 208 36 0.00
28KAR93:13:00 16.1 749 37 96. 2.6 224 39 0.00

2814*93:14: 00 19.0 643 36 963 3.2 216 42 0.00
2864*93:15:00 19.3 709 34 93 3.4 235 43 0.00
281*93:16:00 19.3 525 34 962 2.7 259 42 0.00
28AM*93:17:00 19.3 333 29 962 2.1 266 45 0.00
281*M93.18:00 11.? 119 27 961 3.1 278 44 0.00
2 811t93:19:00 17.5 6 29 961 2.7 279 '2 0.00
281ARt93.20:00 16.8 0 33 961 2.8 272 44 0.00
2814*93:21:00 15.5 0 39 962 3.0 305 44 0.00
280193:22:00 14.3 0 42 962 3.4 325 47 0.00
2aM4932:3:00 13.9 0 47 982 2.0 295 47 0.00
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101,R SOAR EATIVE OARMNTRIC WIND wimp V13111. PEEC IN I
DANE AMg ftli RMNERVflJ 444 IAf IOM 1 I6IuT PUiRWi ~ SPEE 0INCTIOM LIT TATtOW
3F COLLECTION C0D6. C) QI/14^2) (PERCENT) (MILLIBRS) (MIS) MORM~) (IN) (*qIINR)

2~91ili0occ0 13.7 0 so 901 1.7 M8 4.8 0.00
291393a01:0O 13.3 0 53 901 1.1 264 £9 0.00
29NRAR93202:00 12.4 0 61 942 0.5 In9 49 0.00
2M193Mi3a0 11.1 0 64 91 0.5 181 £9 0.00
2INAMS304100 10.0 0 73 96 0.5 3so 4? 0.00
2~9AM05100 9.4 0 75 913 (I.7 330 £5 0.00
291VA93,06,0 6.4 0 SO 91K 0.9 6 41 0.00
2~95:07OF00 8.3 49 82 964 0.4 £9 £0 0.00
2,SR9326,0 11.4 243 6? 915 1.0 243 42 0.00
IWAIM4000 13.3 63 so 96 :.9 267 4s 0.00
211119:1 0:0 15.0 659 £2 96G 1.7 in 46 0.00
MkwR9311200 16.7 815 36 916 2.3 296 £7 0.00
MUM93 12:00 IT'S 902 33 916 2.3 24? £6 0.00
MOM193 MOD0 I1. 915 29 965 1.5 2i2 £7 0.00

2MUM3a14e00 19.? 43 26 96 1.4 274 47 0.00
MOM I9SSOO0 20.6 743 25 964 2.0 253 £7 0.00
29SAM5IWs0 21.0 574 26 964 2.4 24" £6 0.00
29WA193al7:00 20.11 360 28 964 2.4 21! £6 0.00
2MAR95s1S,0 20.3 139 28 90£ 2.? M3 £6 0.00
29MV 3:100 19.0 9 31 M6 3.0 217 47 0.00
2913R95:20100 17.8 0 36 96 1.4 212 £6 0.00
29S1AR93:21z00 16.4 0 43 96G 0.2 199 45 0.00
2WOR93:2200 15.8 0 '6 966 0.7 238 £5 0.00
2WAR93s23:00 14.9 0 53 967 1.1 263 £3 0.00
3001ARM5:M,0 13.4 0 63 967 1.0 1 42 0.00
30MM9301:00 12.8 0 67 967 1.2 8 42 0.00
3OWAR9Sz2:00 12.5 0 64 "6a 1.2 5 £2 0.00
3W0R93:03800 12.1 0 70 967 1.3 11 42 0.00
3011AN93:04:00 11.2 0 73 967 1.1 37 40 0.00
30PIN9:OS:00 11.0 0 75 967 0.9 29 £1 0.00
3004A9306:00 10.3 0 73 "a8 1.0 39 41 0.00
30MAR93a07.00 10.7 54 72 "a8 1.0 29 43 0.00
3WAR93:08:00 15.2 2£? S3 969 C.? 41 45 0.00
30MAR9.09:O0 17.7 460 41 969 0.5 193 43 0.00
30MA93.10:00 18.9 656 33 9119 1.3 200 43 0.00
30S1AR93:lI s00 20.1 807 33 969 1.6 212 £3 0.00
3014AN93 12: 00 21.2 897 31 969 1.6 a3n '3 0.00
3CNA"9:13. 00 22.1 915 30 968 2.0 22? 4 0.00
300M 11a4 100 23.2 859 29 967 1.7 238 43 0.00
30HAR9311:o0 24.0 740 28 967 2.0 232 £2 0.00
30MA*9s.16: 00 24.4 so8 26 966 2.1 229 43 0.00
30NAR93s17:T-00 24.5 360 28 966 1.9 224 440.00
3OMW3:l8,0O 24.0 141 28 966 1.? 229 440.00
30MAI1319100 22.6 9 32 916 1.2 227 42 0.00
3066R93.20-00 20.8 0 41 966 0.1 216 41 0.00
30MMM9:21:00 19.1 0 s0 967 0.5 57 40 0.00
30NA19:22.00 17.3 0 57 987 0.6 48 40 0.00
30NAM323:00 15.9 0 62 968 0.7 311 40 0.00
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All SOLAR RELATIVE SANO4ItRIC WIGh WIND visill- PRICIPI*
DATE AUNDIM TIN tgtRAI1rm RADIATION MMIDCITY PRISIM1 SPIES ICTIOII I fy TATION
OF COL.LECTION CD". C) (WM"^2) (PERCENT) (MILLISAMS) ("M (0104655) (KN) (M/KR)

31MA193:00z0 16.2 0 ST 906 0.4 21 40 0.00
31MAR9301:00 IS.A 0 60 961 0.9 39 41 0.00
31MAa93:01100 14.7 0 59 967 0.? 21 460.00
S1MA893a0300 13.0 0 6? 96? 0.9 4? 460.00
310290000 12.6 0 66 967 1.0 49 47 0.00
31MA4305S00 11.6 0 65 967 1.1 46 46 0.00
31MA ift0l)0 12.5 0 65 96? 1.2 so 49 0.00
31MMR9:07,00 13.1 61 65 967 1.1 so 46 0.00
31MAR9SaOlls00 18.4 235 96 W a.? 69 4? 0.00
31MA9309:00 21.1 471 37 go 1.3 17" 47 0.00
31NA95aIM0 2.3 "16 33 "1 1.3 170 45 0.00
311MAM92d 00 23.6 $17 30 go 1.8 179 47 0.00
31MAR93200 24.6 905 27 967 1.9 164 460.00
31MAA93300 25.6 92 23 96? 1.3 167 45 0.00
31PA193a14m00 26.6 674 20 966 1.? 1"9 49 0.00
31MA*93a3a0 27.3 73? Is 96S 1.6 17? 45 0.00
3IMAU:1600 27.6 563 is 964 1.4 130 49 0.00
31MAM!17:00 27.6 360 IT 963 1.1 1"4 45 0.00
31MA193:6:0 27.1 142 1s 963 1.4 146 46 0.00
31HA4a893:19: 23.4 6 22 963 1.3 136s4 0.00
31Mt320O0 23.4 0 a? 963 0.? 126 460.00
31NM1221100 21.9 0 30 963 0.2 1"64 0.00
31NM322:00 20.3 0 35 963 1.0 65 4 0.00
31MA3323:00 18.6 0 40 963 1.3 53 460.00
OIAPR93:0:0 17.7 0 42 963 1.4 40 48 0.00
OIAPR9:01200 17. 0 42 963 1.5 42 48 0.00
01APt2:O0 13.9 0 45 962 1.4 56 49 0.00
01AP M 103900 13.4 0 48 962 1.4 55 49 0.00
018P19304i:00 14.7 0 SI 962 1.2 61 49 0.00
01AP*92300 14.? 0 s0 "61 1.3 6649 0.00
0148*9:06z00 14.0 0 52 962 1.3 52 49 0.00
0IAPR93:07:00 14.2 61 33 962 1.1 43 480.00
01APR93:06:00 19.3 264 39 963 0.8 9347 0.00
0148*9:09:00 22.9 481 27 962 1.5 157 460.00
OIAPR93:10:00 24.7 679 26 962 1.7 151 45 0.00
01A8*93:11:00 25.9 836 22 962 2.4 146 43 0.00
OIAPR93:12:00 26.8 894 19 961 2.0 158 45 0.00
O1APM9:13:00 27.3 922 18 960 1.7 170 4S 0.00
0148*9314:00 27.9 816s 16 979 2.4 19 43 0.00
01APR9315:00 28.6 ?62 1s 978 2.9 227 42 0.00
0148*9:16:00 28.3 578 16 978 3.1 232 41 0.00
0IAPM9:17:00 26.1 363 17 977 3.3 226 41 0.00
0148*93:18:00 27.0 132 19 977 3.0 239 31 0.00
01APM9:19:00 23.2 9 17 977 1.9 234 41 0.00
OIAP*93:20:00 23.3 0 25 977 2.3 238 34 0.00
OIAP193:21:00 22.2 0 33 978 2.6 275 33 0.00
0148*93:22:00 20.9 0 37 976 1.8 291 36 0.00
01AP193:23:00 19.8 0 39 978 0.5 294 37 0.00
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AIR SOLAR IELATIVE SAPI'ltic WIND WIND VISIII* PRICIpI-
DATE AMC TIME TEMPIRATWRE 3*0110 I TIN HMIRDITY PRESSURE SPEED DIRECTION LII? fTIOW
OF COLLECTION C(0g. C) (W/14^2) (PERCNt) NLIAR) (MIS) (DEalES (EN) (MMIWE)

080*193:00:00 1?.9 a 46 979 o.3 304 37 0.00
010*95:01:0 16.5 0 $0 OR9 0.4 9 35 0.00
010*9102:00 13.9 0 s2 979 0.9 21 33 0.00
0Z4P93:03100 13.1 a S4 979 0.4 338 33 0.00
020 93:4100 13. 0 so 979 0.5 is 34 0.00
02A99305:u 13.3 0 54 960 0.4 19 39 0.00
020*93:06,0 13.8 0 48 960 0.5 313 44 0.00
0210*93:0700 15, 6 43 "61 2.1 339 440.00
020*93.06:00 Ms. 260 36 "61 3.3 112 42 0.00
010*95:09,0 20.'. 4.10 31 968 3.0 324 '3 0.00
0219193: 0:00 22.3 0927 962 3.0 314 42 0.00
GI0*93 11200 24.3 823 24 9621 3.2 322 40 0.00
O210*9312100 23.8 876 22 942 3.3 305 40 0.00
02A9*9sa13 a00 26.7 927 20 961 3.4 317 48 0.00
0219*93:14 400 27. 7 871 18 961 L.A 324 41 0.00
OPM9: 13400 27.9 753 Is 960 3.4 320 39 0.00
O2AP*93116100 26.2 577 17 960 3.2 312 39 0.00
OZAP*93:1700 28.4 353 14 960 '.0 324 40 0.00
0219*93: 18:00 27.6 148 14 9610 3.5 328 39 0.00
OVAM1319200 26.1 12 14 960 2.8 323 26 0.00
o2AD93:20400 23.8 0 1 ?961 1.4 348 22 0.00
02*9*9321:00 21.8 0 21 961 0.8 356 20 0.00
020*9322:00 20.8 0 22 962 1.6 11 1? 0.00
0093:23:00 19.4 0 26 962 1.3 5 16 0.00

03APM93:00:0 18.3 0 28 96a 1.2 3 1s 0.00
030*P93301:.00 17,4 0 30 962 1.3 8 14 0.00
03APRVS.:O0 17.0 0 30 963 111 347 20 0.00
03A0R9 I ;00 13.9 0 32 963 1.5 14 9 0.00
03AP*M: 0 16.1 0 32 963 1.4 12 10 0.00
03A0193:05:00 16.6 0 29 963 1.7 22 7 0.00
030*91:06:00 16.6 0 29 964 1.7 26 6 0.00
03AP93:07:00 18.1 70 27 964 1.6 23 8 0.00
030093.06:00 19.4 273 29 965 1.0 306 14 0.00
Q0093:09:00 23.8 503 Is 963 3.4 348 21 0.00
03A0M.1:10: 00 25.7 694 16 966 3.1 334 17 0.00
03APMI1I11:00 27.1 839 13 966 3.3 12 12 0.00
030*91:18:00 27.8 917 13 966 2.9 358 16 0.00
03APR3:13100 28.1 933 13 963 3.3 339 41 0.00
030*93:14:00 28.? 874 13 963 2.3 342 45 0.00
03*9*913 S-00 29.2 746 13 964 3.1 315 460.00
03AP3: 16: 00 29.4 Sa0 13 964 3.4 327 46 0.00
03APR93 117. 00 28.9 338 13 963 3.3 328 47 0.00
0300*93043800 28.4 135 14 963 2.9 328 48 0.00
03AP*93:19-00 26.5 9 16 964 1.6 330 48 0.00
O3APM9320:00 24.0 0 21 964 1.1 28 49 0.00
0300193.21 -00 22.4 0 23 964 1.1 45 49 0.00
030*95:22:00 20.9 0 26 96S 1.2 52 49 0.00
03AP*9323:00 19.3 0 29 963 0.6 31 49 0.00
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AIR willm ULATIVW UAMITIc WINS WIN VI881- PRICIP,-
SATI AND TIMI TUNPERTIM MIATION 112051?? pfuhSI PR6O DINIC?!0 LI TArION
OF COLLECTION (Mg. C- V MMM (POURI) (MILLIBARS) (MI) (D410=8) (IM) (NM/NI)

OMA19M200:00 13.2 0 32 m6 0.9 4? 49 0.00
OUI9A OI:000 M72 0 35 96 0.9 34 49 0.00
06AP1302100 M7a 0 34 m6 1.1 a5 49 0.00
040MONOO30 17.7 0 32 144 1.5 464 0.00
04AN9104100 17.5 0 31 IA1. 65 49 0.00
04Aum 3i05i00 17.3 0 32 95 1.5 a14 0.00
oAAPml3:04a0 174 1 32 961.7 77 49 0.00
0~A61s07u00 19.4 a 2p 9Wt 1.7 91 49 0.00
041ft9a6a0 n3.3 in 2A 9 1.3 1In 4? 0.00
04AP9300100 23.4 493 20 9W .3 145 47 0.00
04APR93a10m0 U.1 M9 IQ 96 2.7 142 47 0.00
04APR9M11s00 27. 640 Is m6 3.1 154 460.00
044ft93a12.00 23.4 90 17 9W 3.1 1"9 41 0.00
04API3100 l9.7 924 16 96 2.3 m0 43 0.00
0~ 0031400 30.5 m7 16 mW 3.1 207 4a 0.00

0469893a15a0 31.1 743 Is ION 3.0 26 4a 0.00
OUP196316100 31.4 570 13 I60 3.0 w2 4a 0.00
04P13:00 31.2 362 14 979 3.4 219 43 0.00
04aP931S8:00 30.0 115 is97 3.0 231 a 0.00
04APM99:00 26.3 a 1? 7 1.9 22 4 0.00
04O196520800 U4.7, 0 22 979 2.2 22 4Q 0.00
04P196321200 25.0 0 29O96 3.1 230 311 0.00
04V196522:00 n3.5 0 30 9m 3.5 22 37 0.00
046*95:23100 22.1 0 33 96 2.9 211 39 0.00
OSAF*9300100 21.2 0 30 96 0.9 Ell 40 0.00
05A1*93s0:oo 20.0 0 go 96 0.7 219 44 0.00
619693:02300 18.3 0 32 960 0.4 17 43 0.00
O5196933:0 16.6 0 34 979 0.3 347?4 0.00
0OSAP3804100 16.2 0 33 979 0.7 4? 4 0.00
0501R93105100 14.5 0 44979 0.3 64 0.00
050193:06200 14.5 1 6979 0.5 4440.00
05A219:07:00 16.6 6? S? 979 1.1 10 45 0.00
05A969:08100 19.4 263 29 979 1.6 319 440.00
0549693t09:00 21.3 396 22 979 3.2 273 41 0.00
0549693:10:0 21.8 37 17 979 3.5 56 39 0.00
054969 3100 22.4 521 is 96 3.3 273 37 0.00
051969312to0 22.1 423 16 960 3.3 244 35 0.00
OSPM%93:100 22.2 389 8s 979 3.5 as7 33 0.00
0549693:14:00 22.1 389 20 979 3.1 28 32 0.00
05*969100 23.1 491 I8 97 3.? 263 31 0.00
05*969311400 23.2 289 I8 977 3.5 254 30 0.00
OSAP*9:17:00 23.7 234 17 976 4.4 2au 25 0.00
05*9693:18:0 23.1 142 Is 97 5.4 249 20 0.00
O51969: 19t00 21.2 10 23 976 2.3 52 29 0.00
054969:20:00 19.3 0 a 977 2.2 252 30 0.00
61969321:00 13.0 0 3: 977 3.0 240 30 6.00
050193:2:00 16.? 0 34 97 4.0 25? 29 0.00
0519693:23:0 15.5 0 41979 3.4 261 32 0.00
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All ROA ILA I I "NO" ic wllw WIND '4IlIl. WICIPI
WEt AND TIM t1MPERflME RADIATION 631101TY 09615M SRO OIIICTION (.171 TWtON

VN COLLECTION C(0g. C) CWIft~2) (ptitCEat' (MILLIONS) (MIS) (DEGRES) (04) (weWA'

36AP193:0000 14.7 ?0 4? r 79 3.5 a71 31 0.00
3W"3s01 100 13.8 0 $1 *To . 16M 29 0.00
Mom I a02100 it.? 0 56 979 0.? 240 at 0.00
060M:03:00 1A 0 60 979 0.1 W6 29 0.00
010Mt04 100 12.0 0 s ? 9"9 1.3 N3 0.00

0W693O641)0 12.A 0 w49 1.4 323 35 0.00
066969:06100 11,2 1 44961 t.0 33? 3? 0.00
06993a07:00 12.0 84 41 9112 1.4 33 34 0.00

0669691a9600 11.0 1"6 33 9w2 1.6 at? 39 0.00

"66969309100 17.1 si2 29 96 2.5 312 39 0.00
011D69 10W0 19.2 Fit at in1 4.1 34 39 0.00
06EM311:100 20.5 153 20 96 4.1 31? 42 0.00

0iAPI 6312300 21.3 93 19 96s 4.1 32? 41 0.00
06W91:13:00 22.6 9"1 is118 3.7 321 41 0100
0iiNM a 14 800 23.4 "91 14 9112 3.4 316 41 0.00
OiADWMalS:00 24.1 770 t2 91 3.9 307 40 0.00
05119At 16a100 24.1 t19 10 9"1 3.8 304 39 0.00

066P1995:17:00 23.1 371 10 "61 3.9 317 39 0.00
L05193s 16:00 23.0 151 10 961 3.9 324 40 0.00

06APIRYL19t00 21.6 12 13 96 2.5 335 41 0.00
05O19*320200 19.4 a 16 96 1.3 a 41 0.00
06*1993:21 :00 17.1 0 19 96 1.4 16 'L2 0.00
06A1995:2:00 1S.? 0 23 96 0.? 43 43 0.00
0411993423 -00 14.0 0 26 96 0.? 30 45 0.00
0?AD*93:00s0 13.5 0 26 96 1.3 30 44 0.00
0711*93#01:00 13.0 0 2? W6 1.1 al 46 0.00
07*1993:02200 12.2 0 29 964 1.2 14 46 0.00
07*1993:03:00 12.6 0 27 96 1.4 36 46 0.00
07*1993:04:00 12.9 0 26 063 1.4 a? 45 0.00
01P13:05:00 12.4 0 2? 963 1.3 24 440.00
07A*1306:00 12.? 1 27 96 1.? 31 45 0.00
01AP93: 0?, 00 W42 as 26 964 1.1 12 45 0.00
07AP939:00:00 16.? 293 25 96 1.4 322 440.00
07*199309:00 20.6 318 1? 96 2.9 340 43 0.00

0?AP*93:10. 00 22.3 711 16 96 3.1 331 440.00

O7A*93:1.00 23.5 155 14 96 2.2 314 440.00
0OWN69. 12: 00 24.7 935 12 96 2.1 318 43 0.00

07*199: 13 100 25.6 05k 10 96 3.4 317 43 0.00

01AP093:14:00 26.1 902 9 964 4.0 326 43 0.00

07*9693% 15:-00 26.2 776 9 963 3.9 332 45 0.00

07*199:1W6:00 26.3 593 10 m6 4.1 336 440.00

07AIDN3: 17: 00 26.1 376 11 96 4.3 330 42 0.00

07A*993.I:1800 25.5 M5 12 963 3.4 338 4 0.00

07A*193:19:00 24.0 12 14 9M 2.2 336 45 0.00

07AD19320:00 a1.? 0 17 951.1 3 43 0.00

07APM9:21:00 19.1 0 19 96 1.3 19 440.00

07A1*9322:00 18.3 0 19 966 1.6 27 42 0.00

07*M323:00 16.3 0 18 966 1.4 21 43 0.00
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All SOLAA RILAJIV | II 2AINTRIC WIND UINO V1SI8- PECIP I

DATE MID TIME TNISPEATIUE RADIATION HUMIDITY PREISIME SPIED DIRECTION LITY TATION
OF MOLECTION (Deg. C) (u/N^2) (PINCSNT) (NILLIIS) (N/$) (OEGRIES) (KN) (NM/NM)

OUMAIM3:00300 17.3 0 18 966 1.5 27 45 0.00

01PAl93:01:00) 17.4 0 18 967 1.7 19 48 0.00

06O I0(4200 16.4 0 19 966 3.0 9 48 0.00
OUAPM0 sE3030 16.2 0 20 966 2.4 7 48 0.00
OUP493104800 13.6 0 23 966 1.S 356 48 0.00
Of93145s100 14.3 0 22 987 1.6 5 49 0.00

O&Af93:06:00 15.1 2 21 967 2.0 6 49 0.00
C6UM O T:07:00 17.1 97 19 9M 1.8 36 49 0.00

OIMD693sl0 20.9 308 15 9" 0.6 112 47 0.00
aIAt93:0i:o0 21.7 530 Is 969 1.6 2M3 43 0.00

"iAtF11s10100 23.6 n4 13 9 1.6 230 43 0.00

06A19311:00 25.1 a69 11 969 2.1 225 43 0.00

06Mt93t 12:00 26.S 945 9 969 0.9 23 44 0.00

01A19313a00 27.4 961 8 68 1.? 352 44 0.00

061F193s14s00 27.9 902 7 97 1.1 12 44 0.00

OUNPSA 15:00 28.? 7M3 7 966 0.8 329 4A 0.00

0193: 16s00 28.9 591 7 966 1.7 296 45 0.00

O 95:17:00 28.9 378 8 963 1.7 290 45 0.00

OvAm93:18,00 28.3 157 8 985 l.o 274 45 0.00
080A0193119:00 26.4 11 11 965 1.8 297 46 0.00

086PIM3,20s00 24.5 0 13 966 0.7 43 46 0.00

0lPQ9:21:00 22.6 0 IS 966 0.6 67 46 0.00

08AP93:22:00 20.8 0 18 966 0.9 85 44 0.00

06A" :23sOO 19.1 0 18 986 1.1 65 47 0.00

09AP93:00:00 17.7 0 19 966 1.3 56 48 0.00

09A195:01 00 16.4 0 21 966 1.2 52 48 0.00
09A993:02:00 15.4 0 24 965 1.3 50 48 0.00

091t93,03:O0 15.2 0 25 5 1.4 56 47 0.00

09093s:04t00 14.0 0 28 965 1.1 36 46 0.00

09A93:05:00 14.1 0 27 965 1.3 55 46 0.00

099193:06:00 13.6 3 965 1.4 62 47 0.00

091.93:07:00 16.6 99 24 98s 1.4 72 46 0.00

09AP193:08:00 21.3 307 17 966 1.0 113 44 0.00

09APR93:09:00 24.4 522 15 986 1.1 169 43 0.00

09AP9 9:10:00 25.7 717 1s 966 1.6 177 42 0.00

09AlaN3:11:00 26.8 862 13 965 1.8 175 40 0.00

09A*t93:13:00 27.8 938 12 965 2.0 1'0 42 0.00

09AP3:13:00 28.7 958 12 964 2.9 215 40 0.00

09AP93: 1400 29.3 896 12 964 2.7 222 37 0.00

9APD93:1:00 29.8 783 11 963 3.0 230 38 0.00

09A01193:16:00 29.9 574 9 982 3.1 236 37 0.00

09APR93:l?:00 29.9 386 10 "1 2.9 228 39 0.00

09A6e9*918:00 29.4 156 10 91 2.3 222 40 0.00

09AM193:1;: 00 27.7 11 12 "61 1.9 217 40 0.00

09AP993:20:00 25.0 0 16 961 0.9 217 38 0.00

9AP9: 21:00 23.3 0 19 962 0.9 245 35 0.00

09AP93:22:00 2.8 0 24 962 1.6 235 32 0.00
09AP93:23:tO 21.4 0 27 962 1.4 209 35 0.00
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AIR SOLAR RELATIVE IIAOTR I c WIND WIND VtSZ8l- POICIPI .
DATE AN TINE TSIPEEAVI* RADIATION IAMIOITY Poe556* vet S50 OICTIOlI Lily tATION
OF UXILICTION (0D6. C) (WMN^2) (PERCENT) (MILLIGARS) WSi) (DEGREES) (KN) ("Iffit4)

I0ADR9:00:00 19.5 0 30 963 J.4 $1 36 0.00
IOAPR9SzOI:0 t7.8 0 33 963 0.9 111 35 0.00
101F995:02:00 16.3 0 36 961 0.9 67 35 0.010
I0A8Q5t03x00 15.3 0 3? 962 1.2 74 37 0.00
10AR95104100 15.5 0 3S 962 1.1 93 36 0.00
10APR9S50 14.6 0 37 962 1.2 59 39 0.00
10AW9idilt0l1 14.1 2 37 W12 1.1 61 39 0.00
IOAMI:07:00 16.2 99 4 963 0.9 25 36 0.00
IMPM25011100 20.2 305 26 963 I.1 345 35 0.00
lM 91~900 22.1 $Is U2 964 0.2 318 34 0.00
VWr95z10.-00 24.6 706 20 964 0.5 231I 35 0.00
IOAPM3.11-00 26.2 850 18 964 1.1 236 35 0.00
101FR6:12:00 23.2 925 16 963 1.4 256 35 0.00
10AMM:513:00 29.2 940 is 9613 2.0 2VA 35 0.00
1IOAM916;00 30.1 867 13 M2.4 236 36 0.00
lOAP*SalS:00 30.9 7s7 12 "61 1.? 225 37 0.00
104995:16%00 31.0 54 12 961 2.1 . 233 37 0.00
IOAPN93:17:00 31.0 371 12 960 2.0 235 37 0.00
1OA93,l8:OO 30.4 155 12 960 2.3 220 36 0.00
lOAP*Rt9%9:0 28.6 12 Is 960 1.s 21? 37 0.00
l0AP*9320:00 25.9 0 20 960 0.4 189 34 0.00
l04D93:21:OO 24.3 0 23 961 0.5 260 31 0.00
10APR9322:00 23.6 0 24 961 1.1 246 34 0.00
IOAPR9323:00 22.1 0 24 962 2.1 245 39 0.00
IIAPM9300:00 21.3 0 22 962 1.4 241 35 (1.00
11AFR301:00 19.5 0 26 962 0.3 45 39 0.00
IIAPa9:02.00 18.5 0 29 961 0.5 89 40 0.00
11AP03t03:00 17.4 0 32 961 3.6 66 40 0.00
11693:04:00 16.0 0 33 961 0.8 3? 39 0.00
11APR93:05:00 14,4 0 i6 961 0.9 35 35 0.00
I1AP*93:06:00 13.8 3 41 961 0.8 55 33 0.00
11APM5:07:00 15.7 101 40 962 0.? 48 32 0.00
11A969:08:00 20.5 309 31 962 0.8 224 30 0.00
11IAF93:09:00 22.4 $27 29 962 1.3 248 26 0.00
110P*95:10:00 24.4 721 26 963 1.8 241 26 0.00
1AP93:l1:00 26.0 665 20 962 2.0 2M 31 0.00

110*93":12:00 27.4 91.1 17 962 2.7 240 32 0.00
11AP*93:13:00 29.0 960 12 961 3.2 242 31 0.00
IIAP*93:14:00 29.8 901 II 961 3.0 232 32 0.00
11AP*93:15:.00 30.3 M7 11 960 3.5 215 33 0.00
I1IAP9:16:00 30.4 594 11 979 3.4 228 33 0.00
110293:17:00 30.5 381 11 979 4.3 218 30 0.00
IIAPR93:18:00 29.9 160 11 973 4.1 220 34 0.00
I110*93: 19100 26.4 14 13 . 978 3.5 226 33 0.00
11*989:20:00 26.8 0 16 979 2.7 239 28 0.00
IIAPR93:21:00 24.9 0 17 979 2.3 226 27 0.00
11*989:22:00 22.8 0 21 960 1.3 232 29 0.00
IIAP89323:00 21.4 0 19 9610 1.1 234 31 0.00
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AIR SOkAR RELATIVE ARONETRIC WIND UINO VISIBI- PRECIPI -
DAT ANS TIME TEIRATURE RADIATION NUMIOITY PRESSUE SPEED DIRECTION LITY TATON
OF COLLECTION (Des. C) (U/N2) (PERCENT) (MILLIBIS) (MIS) (DEGREES) (l4) (PiW/N1)

12A93:00:00 19.9 0 17 979 0.2 12 32 0.00
12AP193:01:00 18.5 0 18 979 0.1 34 33 0.00
12AM93:02300 19.2 0 14 979 0.6 241 35 0.00

12,A93:03:00 18.7 0 13 99 0.4 316 35 0.00
la2093:04:00 18.3 0 14 979 0.6 359 36 0.00
11'98 05:00 14.5 0 23 979 1.0 45 36 0.00
12M93:06100 14.? 2 20 979 0.7 34 36 0.00
t2APFI9:07:00 16.8 76 14 979 0.? 43 38 0.00
12AP93:06:00 19.1 207 15 90 0.3 70 36 0.00
12AP93:09:00 22.2 380 5 960 1.5 309 37 0.00
12q93: 210:00 23.5 485 7 960 2.4 276 37 0.00
1,AP193:11:00 24.3 646 11 961 2.7 275 37 0.00
12AP93:12:00 24.1 609 11 961 2.9 299 35 0.00
1P93 13:00 24.8 $76 9 960 3.1 312 38 0.00
1ZAPF93:14100 25.3 618 8 90 1.6 309 38 0.00
12AP93: 15:00 26.0 629 7 979 1.7 272 39 0.00
1209: 16:00 26.9 610 7 979 1.8 284 39 0.00
12APR93:17:00 27.2 375 7 978 2.3 323 38 0.00
12APl93:18:00 26.6 170 7 978 3.1 328 37 0.00
12AP93:19:00 24.2 14 a 979 4.4 346 30 0.00
12A093:20:00 22.8 0 a 960 4.0 34S 34 0.00
12AP193:21:00 21.4 0 8 961 3.3 347 34 0.00
12AP193:22:00 20.5 0 8 961 3.7 358 36 0.00
I.P9: 23:00 19.8 0 6 981 3.5 355 40 0.00
13AP093:00:00 19.6 0 7 961 4.8 333 37 0.00
13AP193:01:00 18.5 0 a 962 3.5 342 40 0.00
13AP193:02:00 17.2 0 9 91 2.6 340 41 0.00
130P193:03:00 16.9 0 8 961 3.6 345 43 0.00
13APR93.04:00 16.1 0 8 91 3.3 347 4 0.00
130193:05:00 13.8 0 8 961 3.6 343 4' 0.00
130193:06:00 15.3 4 9 91 3.3 344 45 0.00
131q93:07:00 15.8 91 10 962 4.9 349 43 0.00
130193:08:00 16.2 178 11 962 4.8 348 44 0.00
13APR93:09:00 18.0 428 10 982 4.1 336 46 0.00
13APt93: 10:00 19.7 597 10 962 3.1 351 47 0.00
13APR93:11:00 19.7 633 10 962 5.0 334 43 0.00
13AP193:12:00 20.9 995 a 981 4.6 341 43 0.00
13AP93:13:00 21.9 785 8 960 4.5 329 43 0.00

13A1P93:14:00 23.2 847 6 980 4.5 324 42 0.00
13AP93:15:00 23.9 600 5 99 4.8 331 43 0.00
13P193:16:00 24.3 629 4 978 4.9 335 44 0.00
13APR93:17:00 24.4 408 4 978 4.3 332 47 0.00
13A193:18:00 23.9 178 3 977 4.0 328 48 0.00
130*93:19:00 22.5 14 3 978 3.9 321 49 0.00
13APR93:20:00 20.9 0 3 98 2.5 325 49 0.00
130193:21:00 19.0 0 4 979 1.3 335 49 0.00
13P193:22:00 16.2 0 8 979 0.8 16 49 0.00
13AP193:23:00 14.4 0 11 90 0.9 28 49 0.00
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AIR SOLAR RELATIVE LA*TO I C WIND %INO visISI- PuEC:PI -
OATE' AND TIME TIIqItAVUM RADIATION WMIOITY PRESUIE SPIED 01RECTIe LITY rATION
OF COLLIC7IOI (D. ) (UI/Nq2) (PRCEIINT) (MILLISAIS) MIS) (DEGREES) tIN) (,/N )

14A 9M9:00:00 13.5 0 :2 960 0.7 33 '4 0.00
14:193.01:00 14.0 0 12 960 1.3 is 49 0.00
l&p9m3:02:00 13.1 0 14 960 0.8 3 49 0.00
14~0300 10.9 0 1? 90 0.5 53 49 0.00
14AP :04:00 10.0 0 18 960 0.6 40 49 0.00
14AP193,0St 11. 0 IS IN0 1.5 i9 49 0.00
14AP193:06z00 11.0 4 17 961 1.0 358 48 0.00
14~ 107-O0 12.8 119 17 961 1.4 344 47 0.00
14AWg:s06 16.9 339 14 912 2.3 326 43 0.00
l4APRt9O900 20.2 360 I1 963 3.4 332 43 0.00
14AP93:10200 22.6 757 9 6 4.1 329 43 0.00
14APR93:11:00 24.2 900 7 963 2.9 332 45 0.00
1UAF93:12:00 25.4 970 6 962 3.0 327 47 0.00
IAAP*-;:13.00 26.3 962 5 962 2.7 308 45 0.00
149 3:14200 26.8 927 4 961 2.4 275 46 0.00
14AU93:15:00 27.6 79 4 961 3.0 302 45 0.00
14APR93:16:00 27.9 615 4 960 2.9 300 43 0.00
14AP*93:17:00 27.7 399 4 960 2.9 293 4' 0.00
14P*93:18:00 27.4 173 4 960 2.1 308 0.00
14APR93119t00 25.4 14 8 900 1.5 249 42 0.00
14AP93:20:00 22.s 0 12 960 1.2 212 37 0.00
14AR93:21:00 20.7 0 16 961 0.4 165 39 0.00
14~DR9":22:00 17.? 0 20 962 0.9 55 40 0.00
1 9:23sOO 17.6 0 20 962 0.3 56 40 0.00
ISAFq93:OOO 17.8 0 27 962 0.9 232 34 0.00
15AIS 93:01:00 16.4 0 31 963 0.6 23 31 0.00
ISAP*93:02:00 15.1 0 32 963 0.6 41 38 0.00
lSAPM3:03:00 13.5 0 35 962 0.9 40 40 0.00
15APt93:04:00 12.9 0 38 962 1.1 47 39 0.00
15AP93:05:00 13.1 0 40 0112 1.4 $5 36 0.00
15A0*93:06:00 12.9 5 41 3 1.4 53 34 0.00
15AP93:07:00 1S.1 117 37 963 1.2 65 34 0.00
ISAP*93:00:00 19.6 334 28 983 1.6 130 36 0.00
ISAP*93:09:00 21.4 547 24 964 2.4 126 38 0. all
150A*93:10:00 23.1 73U 21 964 2.5 144 38 0.00
15AP93:11:00 24.8 876 18 964 2.2 143 36 0.00
15AP93:12:00 26.4 925 14 963 2.3 163 37 0.00
15AP93:13:00 27.3 845 12 962 2.5 180 37 0.00
15APR93:14:00 27.9 889 13 961 3.2 222 37 0.00
15A*93:15:00 28.4 713 12 961 3.0 228 37 0.00
ISAPD93;16:00 28.2 "8 12 960 3.4 233 37 0.00
15AP993:17:00 27.2 146 14 90 3.0 233 40 0.00
ISAP*93;18:00 26.6 76 Is 960 3.2 238 36 0.00
15P93:19:00 29.9 6 14 -. 960 2.9 243 25 0.00
151193:20:00 24.7 0 16 961 2.3 238 19 0.00
15AP93:21:00 23.5 0 20 961 2.0 241 29 0.00
ISAP*93:22:00 22.5 0 25 962 1.3 249 15 0.00
15APR93:23:00 21.2 0 25 962 0.5 263 14 0.00
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AIR SOLAR RELATIVE BAROMETRIC WINo WINO VISIsI- PRECIPI-
DATE AND TIN T NPERATRIE RADIATION ,IUOITY PRESSUME SPEED DIRECTION LITT TATIO
OF COLLECTION (Dog. C) (U/N2) (PERCINT) (MILLIBARS) (11S) (DEGREES) (EN) (MI/NR)

16APR93.00:00 19.5 0 26 982 0.8 24 21 0.00
16AP93:01:00 18.5 0 25 962 0.8 26 25 0.00
16APF93:02:00 16.5 0 27 962 0.8 46 22 0.00
16AP93103I00 14.7 0 28 962 0.9 49 21 0.001dAPf93104:00 14.0 0 30 962 0.9 36 18 0.00
16AP %9: 0 13.4 0 31 983 0.8 30 1? 0.00
160*93:06:00 13.3 6 31 963 1.1 41 17 0.00
16A93:07:00 16.8 116 24 964 1.0 20 20 0.00
16AP93:01t00 21.2 329 20 964 1.3 332 37 0.00
16API93a09t00 23.7 543 19 964 1.1 315 36 0.00
16AM93:I0:00 26.3 737 Is 964 1.9 344 30 0.00
16AMt93:11:00 27.4 87 14 964 1.6 316 38 0.00
140193"12200 28.0 942 13 964 1.4 271 40 0.00
16AD93:13.*00 28.7 960 11 96 1.8 278 40 0.00
16API93s14:00 29.2 905 11 963 1.9 241 39 0.00
16AP193:1500 29.6 776 11 963 1.7 247 40 0.00
16~P93 16z00 29.9 594 10 9rp 2.9 219 40 0.00
14A19 17:00 29.6 392 10 2 2.6 223 39 0.00
16AP093:18:00 28.9 169 10 962 2.9 234 38 0.00
16093:19:00 27.2 13 6 983 1.7 219 39 0.00
16AP*93:20:00 25.1 0 10 963 0.8 234 22 0.00
16APR93:21:00 23.4 0 17 964 0.3 245 S 0.00
16PMR93:22:00 22.5 0 22 965 1.5 218 22 0.00
16AP*93:23:00 21.5 0 30 965 2.0 231 28 0.00
17?,93:00:00 20.4 0 34 966 1.3 229 33 0.00
170P93:01:00 18.8 0 39 966 0.6 41 33 0.00
17APR93:02:00 17.4 0 41 966 1.3 66 33 0.00
17A093:03:00 17.0 0 41 986 1.0 75 34 0.00
17APF93:04:00 16.2 0 42 986 1.2 63 34 0.00
17Af95:05:00 15.6 0 43 966 1.2 59 33 0.00
7AP93: 06: 00 15.5 6 42 966 1.2 36 33 0.00
tAP*93:07:00 17.1 121 39 "7 0.4 7 33 0.00
17AP93:08:00 21.7 335 29 98 1.5 156 35 0.00
17APR93:09:00 23.9 547 24 968 1.2 141 37 0.00
17AP93:10:00 25.6 690 20 968 1.1 146 38 0.00
17APM3:11:00 27.3 878 17 988 1.9 176 40 0.00
17APt93:12:00 28.5 946 14 967 2.6 191 37 0.00
17APR93:13.00 29.3 962 13 917 3.4 225 39 0.00
17APM:14:00 30.2 911 11 966 2.7 214 40 0.00
17APM:l5:00 31.0 78 10 966 3.6 218 40 0.00
17APM9: 16:00 31.2 613 10 965 4.0 229 40 0.00
17APR93:17:00 30.9 393 12 965 3.6 234 42 0.00
170*3:18z00 29.6 111 14 96 3.2 237 41 0.00
17APR93:19:00 28.3 17 16 - S 2.8 218 42 0.00
17APR93:20:00 26.5 0 18 985 1.4 210 40 0.00
17APR93:21:00 25.6 0 19 986 1.9 216 38 0.00
17APR93:22:0o 24.9 0 24 966 2.7 229 35 0.00
1?APR93:23:00 24.1 0 21 966 2.9 253 36 0.00
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Alt SOLAR RELATIVE IIA@6TSIC WIND WdIND ~ IIUI. PRIC IPi-
DATE AND ?IME tINKIROGU RADIATION MIDITY PRESSURE WD 1PE OREICI I ITY TATION
OF CMULCTION (0". C) 'WOMq2) (PINCINI'l (NILLISARS) ("/S) (DEGSREES) (KM) (MIIN*)

lUVPMI3t0:00 22.4 a 22 966 1.6 276 36 0.00
14APR9S:01:0 20.53 0 26 966 0.3 18 33 0.00
W0A10102:00 20.5 0 29 961 2.1 233 36 0.00

IA969303800 68.9 0 32 96 0.7 264 34 0.00
18369:0laOO 18.4 0 31 96 1.$ 269 37 0.00
IIRVff0aO3uO 17.0 0 34 M6 0.4 227 37 0.00
14A510 si0o 1S.4 4 37 96 0.4 7s 38 0.00
10APM307:00 16.3 131 31 966 0.3 214 36 0.00
l6W01316300 19.4 302 33 961 1:4 283 32 0.00
l6At9SuO11OO 21.0 343 32 965 1.5 226 31 0.00
I61M5z1:00 U2.5 M3 28 965 1.2 301 32 0.00
18A93:11100 24.3 873 24 96 2.0 284 34 0.00
16APR93:12:00 25.3 949 23 964 2.3 262 33 0.00
111414193:13a00 26.7 965 22 963 2.8 265 34 0.00
18AP93:114300 27.6 918 Is 962 3.1 258 36 0.00
186P693SI300 23.4 787 16 961 2.8 259 36 0.00
166PR9:16z00 23.8 610 13 960 2.1 245 33 0.00
1APR93z7:00 29.0 402 i3 960 3.0 232 33 0.00

16APR9 3 00 23.5 1814 is 979 3.0 239 33 0.00
18AF693: 19100 27.0 20 16 979 2.9 231 33 0.00
16RM1320:00 23.2 0 17 9610 1.1 233 34 0.00
18APR921:00 23.6 0 19 961 0.8 240 34 0.00
18ApR9:22:00 22.4 0 21 961 0.5 324 34 0.00
18ADR93:23:-00 20.1 0 24 961 0.6 62 34 0.00

196P693t00:00 16.7 0 27 961 0.6 so 34 0.00
1m93:01:00 18.3 0 26 961 0.8 11 33 0.00
19APt93-02:00 111.7 0 21 961 0.9 344 38 0.00
19APq93:03:00 18.4 0 20 961 2.1 334 40 0.00
190R93:204:00 16.4 0 20 981 2.5 345 *40 0.00
19APR9:05:00 18.0 0 22 961 2.6 346 40 0.00
19A993:06:00 18.0 a 23 9832 4.1 340 39 0.00
19A0R93:07:00 19.1 134 20 982 4.9 342 38 0.00
19AP93:01300 21.3 355 14 963 6.0 344 33 0.00
19APR93:09:00 23.3 573 9 963 6.8 346 31 0.00
19A*9: 10: 00 25.3 762 6 964 6.3 343 39 0.00
19A**9:1I1:-00 26.9 906 S 965 3.9 346 42 0.00
19*9*93.12:00 27.8 976 3 964 5.6 347 42 0.00
19AM93: 13: 00 28.8 991 4 964 3.3 349 440.00
19AP*93:14:00 29.3 939 4 96 4.8 354 4..0.00
19A9*93:15:00 29.3 809 4 962 3.8 4 440.00
19AP*: 16: 00 29.? 628 4 962 3.9 3 440.00
19AP*9:1I7:-00 29.3 370 5 961 4.0 340 440.00
19A**9:18:00 26.2 194 6 962 4.6 33.6 440.00
19AP*93:19-00 26.5 26 5 962 3.5 334 47 0.00
19A9*93: 20.:00 24.8 0 4 M6 2.8 332 48 0.00
19A9*93:21:00 22.3 0 6 963 1.2 353 48 0.00
19A9*9:22.00 19.8 0 a 963 1.3 12 48 0.00
19A9*9:23:00 18.0 0 a 964 1.0 14 49 0.00
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AIR SOLAN RELATIVE AI0E"TRIC WINO WINO VISBI1- PIECIPI-
DATE AND TIME TEMPERATURE RADIATION HUMIOITY PRESURE SPEED DIRECTION LITY TATION
OF COLLECTION (Deg. C) (W/N^2) (PERCENT) (NILLISNAS) (14S) (DEGREES) (MR) (MINI)

20APR93: 9.000 17.3 0 a 964 0.8 I 41 0.00
20AP93:01:00 16.4 0 to 964 1.4 a 49 0.00
200*93: 02:0 15.8 0 I1 964 1.6 358 49 0.00
20A93:03:s0 16.6 0 11 964 2.4 330 49 0.00
ZOAP 3 04s00 15.7 0 12 984 1.8 3 49 0.0
2OAP93M05s0 15.4 0 13 964 1.2 331 49 0.00
200Q*93:0690 14.2 9 1 963 1.0 47 49 0.00
20A*3: 07:0 17.4 157 13 916 0.5 63 41 0.00
20AP93:9060 21.0 392 10 966 1.1 139 47 0.00
20A0*93,09,00 23.6 528 a 967 1.0 101 47 0.00
20AP93:10a0 25.5 767 6 967 1.1 245 42 0.00
20AP3s110 27.8 901 5 967 0.6 24 38 0.00
200*P93:12:00 29.4 970 4 987 0.8 243 42 0.00
20AP*93,13200 31.0 963 4 966 1.0 234 43 0.00
20APR93:14300 31.9 933 3 965 1.2 243 4 0.00
206DR93. It00 32.9 804 3 964 1.2 192 45 0.00
200A 93:16:00 33.4 617 3 964 0.9 18 46 0.00
2OADP*9:1:00 33.5 413 3 984 0.9 221 45 0.00
20APR93:18:00 33.2 194 3 964 1.7 265 45 0.00
2OAP93:19:00 31.4 24 5 964 1.4 267 46 0.00
20 093:20:00 28.0 0 3 964 0.1 250 46 0.00
200P*9321:00 23.9 0 12 985 0.8 48 43 0.00
20APR93:22:00 22.2 0 14 966 0.8 54 40 0.00
2OAP M z23:00 20.9 0 16 966 1.0 49 40 0.00
21APR93:00:00 19.9 0 18 966 1.1 44 40 0.00
21APR93:01:00 19.1 0 16 966 1.1 41 43 0.00
21APR93:02:00 18.0 0 16 9S 1.1 46 47 0.00
ZIAP*93:03:00 18.5 0 16 93 1.4 34 48 0.00
2IAP93:04:00 18.9 0 17 985 1.6 19 46 0.00
21A0R93:05:00 18.1 0 16 963 1.4 43 4a 0.00
21P093:06:00 16.6 9 20 965 1.2 60 O.Ov
21AP93 :U7:0 20.6 142 17 966 0.7 ?9 47 0.00
21AP493:08:00 26.0 367 12 966 1.8 143 44 0.00
2IAP 93,09:00 28.1 561 10 966 2.4 143 45 0.00
21AP*93:10:00 31.0 780 7 966 2.4 131 45 0.00
21APR93:11:O0 32.7 906 S 966 2.7 166 45 0.00
0IAPR93:12:00 33.5 979 4 966 2.2 179 46 0.00
21AP*93:13:00 34.4 969 4 965 1.3 161 45 0.00
21APR93:14:00 35.1 937 4 963 2.0 207 44 0.00
21APR93:15:00 35.7 613 3 964 1.9 2244 0.00
21AP*93:16:00 35.7 628 4 963 2.6 216 42 0.00
21APR93:17:00 35.3 415 3 963 2.4 221 42 0.00
21APt93:18a00 34.6 194 4 962 2.5 242 41 0.00
21APR93:19:00 33.0 23 4 962 1.4 247 27 0.00
21APR9:20:00 30.3 0 ? 962 0.4 234 12 0.00
21APR93:21:00 28.6 0 9 962 0.1 14 23 0.00
21AP 93:22:00 24.0 0 13 963 0.9 41 26 0.00
214PR93:23:00 23.5 0 14 9 0.4 40 33 0.00
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AIR SOLAR IELArIVE IAMRO*TRIC WINO WINO V1S1 - PFRC 1P1 1 -
OATE AND TIME TINRAIUAI RADIATION IU ITY PRlSSJt SPo OIRECTION LITY rATION
OF COLLECTION (O. C) CWIH/2) (PEICINT) (MILLUS4ARS) (NIS) (OEGRES) (KM) (MMINR)

22AP93:00100 24.8 0 Is 963 0.3 266 24 0.00
22A~*9301:00 23.4 0 17 93 0.7 47 34 0.00
224PI93e02:0 20.? 0 22 912 1.3 61 32 0.00
22APM :03z00 19.4 0 25 961 0.9 43 34 0.00
22U9o3itod 18.0 0 27 961 0.9 53 37 0.00
22 A 39505t0 18.? 0 27 91 1.2 66 37 0.00
22AP93 106900 18.8 13 27 961 1.2 70 38 0.00
2 Af3a07:00 11.9 142 23 96 0.7 102 40 0.00
22 AP3l3:0600 25.6 297 17 Wi 0.9 175 42 0.00
22AP93t09:00 26.8 436 14 W8 1.9 208 39 0.00
22AD93:l0100 23.1 621 11 W 2.3 243 41 0.00
22AF193t11:00 30.0 778 8 92 2.5 265 43 0.00
22APM1:12:00 31.3 658 7 9W 2.8 253 45 0.00
22ANN93:13&00 32.1 884 8 961 3.2 225 44 0.00
22AD*93:1400 32.7 672 7 910 3.3 224 40 0.00
22N93a 15:00 32.0 506 a 960 3.9 227 45 0.00
22kP93:16:00 32.1 4?2 7 979 3.6 221 47 0.00
22AH95:17:00 31.s 275 a 979 3.9 221 47 0.00
22APM93: 18:00 31.2 201 10 978 3.3 230 45 0.00
22APR93:19100 30.0 34 12 978 2.4 231 37 0.00
22AP93:20:00 27.8 0 16 978 2.0 242 31 0.00
22AP*93: 21: 00 25.6 0 14 979 2.3 235 24 0.00
22AP*93 22:00 23.5 0 18 979 0.7 240 18 0.00
22AP93:23:00 21.4 0 20 979 0.6 175 27 0.00
23A 93100:00 19.8 0 22 979 0.8 280 26 0.00
23AP193:01:00 20.1 0 20 979 1.5 247 38 0.00
23AMP93:02:O0 18.0 0 24 979 1.0 194 31 0.00
23APF93:03:00 16.2 0 30 978 1.0 221 31 0.00
23AP93:04.00 15.6 0 34 978 1.3 241 32 0.00
230P*93:05:00 13.5 0 38 979 0.5 33 33 0.00
LUP93:06:00 12.2 11 41 979 1.2 49 33 0.00
23AP*3:07:00 15.8 138 35 9?9 0.3 7 33 0.00
23APf93:08:00 18.3 352 31 960 1.6 281 31 0.00
2.3P*93: 09:00 21.4 571 26 980 2.4 320 34 0.00
23WPR93:10:00 23.3 762 22 960 2.4 309 35 0.00
234AP93:11:00 25.1 902 18 960 1.9 304 37 0.00
23AP*93:12:00 26.4 966 15 960 1.9 280 36 0.00
23AP193:13: 00 27.5 962 12 979 2.2 272 37 0.00
23AP93:14: 28.7 929 11 979 2.2 26 37 0.00
23APR93:1":0C 29.7 803 11 978 2.9 234 36 0.00
23APR93:16:00 29.7 623 12 977 3.6 221 36 0.00
23APR93:17:00 29.7 412 12 976 4.5 221 34 0.00
23APR93:18:00 29.0 192 11 977 4.7 222 36 0.00
23P93:19:00 27.6 26 14 977 4.0 224 31 0.00
23AP*93:20:00 26.0 0 19 977 3.7 238 26 0.00
234AP93:21:00 24.2 0 21 978 3.9 243 23 0.00
234AP93:22:00 22.4 0 22 979 4.2 246 24 0.00
23A9693:23:00 20.4 0 28 979 2.3 236 23 0.00
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AIR SOLAR RELATIVE BAROMETRIC WINO WINO VISII- PRICIPI-

DATE AND TIN TENIRATEU RADIATION 1UMIDITY PRISIUE SPEED DIRECTION LITY TATION

OF COLLECTION (Oas. C) (W/N^ ) (PERCENT) (NILLISARS) (N/S) (06G0111) tR) (M/6Na)

24A93, 0:00 19.0 0 30 980 0.6 306 21 0.00

24APR93:01:00 18.7 0 34 960 1.0 313 25 0.00

24AP93a02:00 17.6 0 37 979 2.6 252 as 0.00

24APRO3103:00 16.6 0 42 910 2.5 254 26 0.00

24AP930400 11.4 0 45 900 1.0 236 26 0.00

24AP*93105100 13.9 0 69 960 0.4 75 26 0.00

24~P193,06:00 13.3 10 50 961 0.5 106 26 0.00

24AFI93107:00 15.5 137 46 902 0.4 216 26 0.00

24AP93:06:00 17.9 352 40 963 1.0 261 26 0.00

24A1 09 O0 20.2 571 31 963 2.1 306 31 0.00

24A1P93110:00 22.0 761 26 963 2.6 318 32 0.00

24AP19g:11:00 23.8 901 22 963 2.7 327 35 0.00

24A.093a2:00 25.2 969 19 983 2.8 325 36 0.00

24~193:13100 26.6 96T 16 96 2.3 337 36 0.00

24AP193:14:00 27.8 935 14 962 2.0 328 39 0.00

24A1P93:1500 28.8 613 11 902 2.3 307 40 0.00

24AP93:16:00 29.1 635 11 961 2.8 311 40 0.00

24A tP93 17:00 29.1 425 10 961 2.6 313 41 0.00

24AP93:18:00 28.6 200 10 961 2.6 318 41 0.00

24API93:19:00 27.3 28 12 961 2.2 328 41 0.00

24APt93:20:00 25.1 0 14 962 1.0 328 41 0.00

24APt93:21:00 23.2 0 23 963 0.6 233 31 0.00

24AP193:22:00 20.7 0 28 964 0.3 55 33 0.00

24APR93:23:00 18.9 0 30 965 0.6 47 ;4 0.00

25APR93:00:00 17.6 0 32 965 0.9 60 34 0.00

25APR93:01:00 17.6 0 29 96 1.1 45 37 0.00

25APR93.02:00 17.3 0 24 965 1.0 36 43 0.00

2SAP*93:03:00 16.5 0 24 964 1.1 29 43 0.00

25AP93: 04:00 16.6 0 24 964 1.4 24 44 0.00

25.A13,:05:00 15.8 0 25 965 0.9 15 45 0.00

25APR93:06:00 15.9 14 24 965 1.4 18 47 0.00

25AP193:07:00 17.3 153 24 966 0.7 1 47 0.00

25APR93:08:00 22.5 372 16 96 0.2 330 44 0.00

25APR93:09:00 25.5 582 13 966 0.3 114 45 0.00

25APR93:10:00 27.1 772 12 967 1.2 173 43 0.00

2SAPR93:11:00 28.5 906 11 986 0.2 198 0.00

25APt93:12:00 29.8 971 9 966 0.4 43 46 0.00

25APR93:13:00 30.7 990 8 M 1.2 315 46 0.00

25APR93:14:00 31.6 940 7 963 0.5 248 45 0.00

25AP193:1S:00 32.1 819 6 964 1.1 293 46 0.00

25AP93:16:00 32.6 642 6 963 0.7 337 46 0.00

25APRQ3:17:00 32.5 433 7 963 2.4 270 43 0.00

3APR93:18:00 31.9 210 7 963 3.2 255 46 0.00

25APE93:19:00 30.5 30 8 983 2.4 266 49 0.00

25APR93:20:00 28.0 0 14 963 1.6 235 41 0.00

25APR93:21:00 25.8 0 18 964 0.5 239 40 0.00

25APR93:22:00 23.2 0 21 985 0.6 53 40 0.00

25AP193:23:00 21.4 0 24 9S 1.1 56 40 0.00
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AIR 5S.AM ORLATIVE &AMITAIC WIND WINO VISIst. AgfCIPI .
CIAIR AG ttlil tMIPRATn= RIIAtBON NUMIDITY p111531 SF110 OIAICTION U.iTY TATION
OF COLLICTIOIN (1)". C) 1WN2) (PERCENT) (MILLBSARS) (pit) (0101115) (0) INA

26AP1I3tootoo 20.9 0 25 964 1.3 SS 40 0.00
2&AP693:1:0 21.0 0 24 964 1.4 3o 40 0.00
2114693423:00 21.3 0 23 963 1.6 37 f.1 0.00
ZOM14a3-00 19.3 0 25 96 0 9 4? 4.2 0.00
2WAPE9304400 16.1 0 27 963 1.1 4 0.00
26AIDI9I:06:0 16.7 0 29 96 0.9 40 46 0.00
26A91:06.00 17.6 Is as 963 1.4 33 '.7 0.00
"AWitfs@7z00 21.6 155 23 913 0.1 19 46 0.00
HWfA00460 26.0 370 Is 96 0.4 166 43 0.00
HAMUStOO 27.7 582 16 963 1.4 227 38 0.00
26APR93a10:00 29.3 770 14 96 0.7 214 37 0.00
2&WtD3ll:00 30.9 905 11 963 1.1 236 39 0.00
2i6P3u11l00 32.0 969 9 963 1.8 268 '2 0.00
26APRM31300 32.7 939? a 962 1.8 235 40 0.00
ZGAPM8314:00 33.4 926 9 961 1.5 24" 38 0.00
Z&AM31 5:ISto 33.6 an? 9 90 1.7 232 11C 0.00
26AID9321600 34.0 632 a 979 1.9 218 .3 0.00
26APM: M 00 34.0 421 8 973 1.9 213 41. 0.00o
2449693:100 33.3) 142 10 976 2.4 233 42 0.00
2A4P93a19200 32.1 33 12 978 2.1 an3 42 0.00
2&6969320:00 29.? 0 t4 973 1.2 208 '2 0.00
26AP3z21:00 27.7 0 is 979 0.1 171 38 0.00
2649693:22:00 26.8 0 17 979 1.2 240 20 0.00
26AW91:28t0 26.0 0 22 960 2.4 249 27 1.00
2701193:00:00 24.3 0 24 960 0.8 220 29 U.00
27AP9t93:00 22.8 0 25 960 0.3 5 33 0. A
27*969302:00 23.1 0 25 960 0.4 3:40 0.00
27APMt3:03O 21.1 0 29 979 0.7 47 39 O.0U
ZIAPM9:04:00 19.7 0 31 M7 0.6 1.7 40 0.00
27*9693:05:00 18.0 a 33 979 1.0 58 40 0.00
27*9~69:6: 18.4 13 33 960 i.0 111 '0 0.00
27*9693:07:00 20.1a 149 30 961 0.7 142 33 0.00
27*969:06:0 23.5 304 25 961 2.0 209 26 0.00
2?A*69:09:00 23.6 539 22 962 2.2 225 31 0.00
27*9*93 10 -00 27.4 712 1s 962 2.2 231 34 0.00
27A969:11-00 28.3 896 18 962 2. 1 224 36 0.00
27*9*93.12:00 29.9 917 12 961 2.0 239 38 0.00
27APM93113: 00 31.0 8a6 11 961 2.8 223 '0 0.00
27*9*93:4:00 31.6 M9 8 960 2.8 226 40 0.00
27AP*93:15oo 32.3 723 4 960 2.7 223 40 0.00
27*9*93:16t00 32.6 613 3 979 2.8 225 36 0.00
27*9693:: 32.5 421 2 979 2.9 222 36 0.00
27A9693: 18:00 32.1 213 2 979 2.2 215 33 0.00
27*9*9t:19:0W 30.7 26 4 979 1.5 217 38 0.00
27*9*9:20:00 28.6 0 y979 0.6 234 28 0.00
27*969321:00 26.2 0 9 960 0.2 28 25 0.00
27*9*93:22:.00 24.3 0 12 960 0.5 26 22 0.00
27APM9323-00 22.0 0 is 961 0.5 as 31 0.00
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AIR SOlAR RELATIVE SARCHETRIC WIND WIND Vistll[- PRlCIPI *

DATE AND TIME TEMPERATURE RADIATION HUMIDIT? PRIE SPEED DIRECTION LITY TATION
OP COLLECTION (D". C) ({V/M2) (PIRCENT) (MILLlAS) (MIS) (011I1S) (1C) (MMIMR)

21APDR9300:00 21.6 0 1? 91 0.? ?2 19 0.00

21 D11l90:00 19.6 0 20 961 0.9 51 2? 0.00
ZMAPMt0s200 16.6 0 21 961 1.0 4 31 0.00
2E8R os10o 14.0 0 21 961 1.0 54 34 0.00
NWMtt104100 17.2 0 23 "61 1.1 47 34 0.00
lAopSaUstOo 17.5 0 24 "61 1.2 1 34 0.00
21IWRStO6to 19.0 14 24 962 1.1 92 34 0.00
2OPM9307100 21.4 146 22 963 1.1 105 34 0.00
26RMoRlltt00 24.8 358 21 963 1.d 133 35 0.00
26AlpR93at9: 26.1 54 23 963 1.3 191 31 0.00
aMkvmtI000 27.? 748 21 964 1.2 214 29 0.00

NADMI9a11 s00 29.3 O82 18 964 1.1 21? 29 0.00
NAP6A lso1o300 30.8 946 15 963 1.3 234 31 0.00
M3AR9511300 32.2 964 11 93 1.3 236 32 0.00
lWMalEt ola1 0 33.1 908 10 96a 1.6 249 33 0.00
29IMU 93s31500 33.7 783 9 911 1.3 277 33 0.00
USA1093:16t00 34.0 609 9 961 0.7 307 34 0.00
28APOS17:00 34.2 396 8 960 1.6 304 34 0.00
25APR932 1800 33.8 184 9 960 1.0 313 35 0.00
28AE93s 19o00 32.5 26 9 900 1.6 259 16 0.00
26AP93S20100 30.2 0 11 961 0.8 235 25 0.00
2M9321:O0 27.6 0 21 91 0.6 199 30 0.00
2&AFR93:22:00 25.0 0 24 962 0.7 42 29 0.00
28AMP93i23t00 23.0 0 25 961 1.0 39 29 0.00
29AP0931OOt0 23.2 0 23 981 1.3 24 33 0.00
29AP93s01:00 23.0 0 20 961 1.4 26 34 0.00
29APF93 s0:00 21.3 0 22 911 0.1 260 34 0.00
29APR93:03t00 19.3 0 29 961 0.8 39 33 0.00
29APR93:04:00 18.9 0 37 961 0.9 23 32 0.00
29APF93.05:00 19.3 0 47 962 0.8 349 30 0.00
29APM093sO600 16.7 15 60 962 0.7 6 28 0.00
29AP93s07:00 20.5 148 54 963 0.3 6 29 0.00
29APR93:06:100 22.7 356 44 963 1.0 242 29 0.00
29AP9309:00 24.8 570 36 963 1.6 239 30 0.00
29AR193:1OtO 27.1 7137 29 963 1.7 233 30 0.00
29AP93: 11s00 29.6 691 22 963 1.1 255 33 0.00
29APlI9 12:00 32.0 950 16 983 0.9 242 35 0.00
29AP193.13:00 33.4 975 12 962 2.0 231 34 0.00
29APR93:1:00 34.6 922 11 961 2.0 245 35 0.00
29AP193:15:00 35.4 ?96 9 961 2.5 256 36 0.00
29AP 016300 35.3 619 10 960 3.1 228 35 0.00
29A93P : 17:00 35.4 415 10 960 3.0 237 33 0.00
29APD93:18:00 34.7 19 12 979 3.5 240 30 0.00
29APl19319:00 32.7 28 15 979 3.5 235 25 0.00
290*93:20:00 30.8 0 21 - 960 2.7 229 25 0.00
29AD13:21:00 29.1 0 24 90 1.6 228 27 0.00
29AP93:22tO 27.7 0 27 90 0.9 24" 27 0.00
29APt93t23:00 25.7 0 35 961 0.6 324 27 0.00
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DANS AND rIE ?Em"ItAtwo RAIIIOM HUMIIT p"1111110 SKID0 OINITIOi .afy tA IION
or COLLIC1IOs (Deg. ) (I^) (ICN ILMA) M1 RU1 KH

30AD9SeG0aOO 23.9 0 3s 941 1.0 335 11 0.00
30W93s01:00 23.0 0 16 "61 0.9 341 34 0.00
309AM01z00 21.9 0 35 90 1.4 16 3U 0.00
31W9303100 U2.0 0 31 980 1.3 634 0.00
33@ 4a00s 21.0 0 32 9W 0.9 28 34 0.00
309193,03:00 18.2 0 38 979 0.9 34 34 0.00
330M000 Ma. 17 33 9W 1.1 as 36 0.00
30A9PM07-00 21., 154 31 ge1 0.6 2s 33 0.00
3WQ~ROUGM49Q 25.8 388 26 961 1.4 318 33 0.00
30APq93z9u0 29.1 s18 Is 961 1.9 324 32 0.00
30A9695a10a00 32.1 77 11 900 3.2 313 32 0.00
30API9S:1100 33.5 912 9 MW 3.2 300 34 0.00
3w693a12100 34.8 973 7 9W0 2.8 307 3? 0.00
SCAPM03300 33.11 99 s 979 2.4 291 38 0.00
30W693:14 100 38.3 93U 3 976 2.8 299 38 0.00
308969 15:0 36.1 819 I. 977 3.8 280 3M 0.00
3"0A 13800 38.5 814 6 978 2.9 247 33 0.00
30APM& I ?1- 00 38.3 410 4 973 3.1 230 32 0.00
3089693:1:00 35.9 191 6 973 9 238 29 0.00
30A8969t31100 34.3 27 8 973 4.1 231 28 0.00
308969320:00 32.3 0 12 973 4.7 235 13 0.00
308969: 21:-00 29.9 0 is 978 4.7 223 is 0.00
308969322:00 28.3 0 is 977 3.0 218 25 0.00
30APM93300 28.5 0 18 977 1.9 198 25 0.00
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Appendix C
U.S. Army Engineer Waterways
Experiment Station Soil
Moisture Data from Sites A, B,
C, D, E, and F During Yuma 1

Apoendix C Soil Moisture Data CI
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Appendix D
Temperature Histogram
Distribution of IR Imagery
Collected at Yuma 1

Appendix D Temperature Histogram Distribution D1
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Appendix E
Image Metrics and 1-min
Meteorological Data (from ARL
Stations C and E) During
Diurnal 1 (24MAR93) at Yuma 1

Appendix E Image Metncs-Diurna: 1 El
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Appendix F
Image Metrics and 1-min
Meteorological Data (from ARL
Stations C and E) During
Diurnal 2 (08APR93) at Yuma 1

Appendix F Image Meuics-Diurnal 2 F1
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Appendix G
Image Metrics and 1-mmn
Meteorological Data (from ARL
Stations C and E) During
Diurnal 3 (26APR93) at Yuma 1
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Appendix H
Image Metrics and 1-min
Meteorological Data (from ARL
Stations C and E) During
Smart Weapons Operability
and Enhancement Scheduled
1-hr Missions at Yuma 1
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